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OF  THE 


Director  of  the  Experiment  Station  Corps 


This  annual  report  of  the  agricultural  experiment  station 
of  the  University  of  Minnesota  contains  copies  of  the  bulle- 
tins published  during  the  year  from  June  30th,  1897,  to  July 
1st,  1898,  inclusive,  and  a  detailed  statement  of  the  receipts 
and  expenditures  of  the  annual  appropriation  from  the 
United  States  treasury.  Following  this  is  a  summarized 
statement  of  receipts  and  disbursements  from  June  30th, 
1897,  to  July  1st,  1898,  showing  that  the  University  of 
Minnesota  has  expended  $11,086.57  more  in  carrying  on  the 
experimental  work  than  the  **Hatch"  fund  ($15,000)  received 
from  the  United  States  government.  Following  this  state- 
ment is  a  financial  report  of  the  two  stations  established  by 
an  act  of  the  legislature  in  1895,  one  at  Crookston,  Minne- 
sota, the  other  at  Grand  Rapids,  Minnesota.  Also  state- 
ment of  the  station  previously  established  on  the  farm  of 
Mr.  O.  C.  Gregg,  superintendent  of  the  Farmers*  Institutes 
of  Minnesota,  near  Lynd,  Lyon  countj',  Minnesota. 
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THE  UNITED  STATES  ARPROPRIATION,   1897-8. 

Dr. 

To  receipts  from  the  Treasurer  of  the  United  States 
as  per  appropriation  for  fiscal  year  ending  June 
30th,  1898,  as  per  act   of  Congress  approved 

March  2,  1887 $15,000.00 

Cr. 

By  Salaries $10,196.60 

Labor 1,572.15 

Publications '. . .  271.00 

Postage  and  stationery 194.04 

Freight  and  express 4.23 

Heat,  light  and  water 86.03 

Chemical  supplies. 203.09 

Seeds,  plants,  and  sundry  supplies 290.28 

Feeding  stnfTs 547.58 

Tools,  implements  and  machinery 133.85 

Furniture  and  fixtures 4.00 

Scientific  apparatus 52.50 

Live  stock 1.048.60 

Traveling  expenses 35.09 

Contingent  expenses 261.16 

Building  and  repairs 99.80 


$15,000.00  15,000.00 

FINANCIAL    STATEMENT. 

Statement  of  disbursements  and  receipts  of  the  Minnesota  Agricultural 
Experiment  Station  for  the  twelve  months  beginning  July  1st,  1897,  and 
ending  June  30th,  1898,  inclusive. 

Disbursements.      Receipts.  Cash  Outlay. 

Station $  9,464.20       $    523.79  $  8,940.41 

Agriculture 5,741.57             310.02  5.431.55 

Horticulture. 3,703.10             688.87  3,014.23 

Chemistry 1 ,916.65             105.60  1,811.05 

Entomology 1,031.81              1.031.81 

Veterinary 1,522.59             444.12  1,078.47 

Dairy 1,349.99               1,349.99 

Animal  Husbandry 5,803.10          2,940.66  2,862.44 

$30,533.01        $5,013.06  $25,519.95 

Crookston 4,594.84          1 ,845.67  2,749.17 

Grand  Rapids 2,41 0.90          1,156.60  1,254.30 

M^M^^^l^^iMMMM^^^«V                                     ^™^^li^»M^^^^^»^^^»  ^m^^^^^^^**^^^^^^^^ 

$  7,005.74        $3,002.27  $  4,003.47 

Coteau ^566.62         566.62 

*Paid  by  current  expense. 
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The  work  carried  on  at  the  Northwest  experiment  farm 
near  Crookston  under  the  supervision  of  T.  A.  Hoverstad, 
has  been  along  the  same  lines  outlined  in  the  annual  report 
for  1896.  Much  work  has  been  done  in  putting  the  farm  in 
condition  for  experimental  work,  in  draining  the  land,  and 
in  making  roads,  fences,  etc.  The  farm  bam  which  was  de- 
stroyed by  fire,  caused  by  lightning,  July  28th,  1897,  has 
been  rebuilt.  The  damage  done  by  this  fire  seriously  delayed 
much  work  and  made  it  impossible  to  carry  out  intended  im- 
provements.  In  field  work,  varieties  of  wheat,  oats,  barley, 
and  flax  have  been  tested.  The  better  varieties  have  been 
grown  in  larger  quantities  and  sold  for  seed  to  farmers  in 
the  various  parts  of  the  state.  Forage  and  pastures  from 
annual  crops  have  been  tried  on  a  small  scale.  This  has 
been  carried  far  enough  to  show  that  in  this  field  work  can 
be  carried  on  that  will  be  firuitfiil  of  very  much  good  to  the 
farmer.  Varieties  of  the  different  species  of  vegetables  have 
been  grown  with  great  success.  Small  finiit  bushes  have 
been  planted,  fruit  trees  of  apple  and  plum  have  been  set  in 
the  orchard.  So  far  the  trees  and  bushes  are  too  young  to 
bear  fruit,  but  they  have  nearly  all  made  good  growth. 
Several  acres  have  been  planted  to  forest  trees  with  varying 
results.  The  grove  planted  in  '96  now  makes  quite  a  re- 
spectable showing.  Of  the  many  species  of  grasses  sown, 
some  of  the  more  recently  introduced  are  very  promising. 
Live  stock  experiments  have  been  largely  confined  to  horses. 
The  purpose  has  been  to  determine  the  amount  to  feed  a 
horse  at  work  and  when  idle;  the  relative  proportion  of 
roughage  to  concentrates;  and  the  relative  feeding  value  of 
the  various  rough  foods  for  the  horse.  In  a  smaller  way  ex- 
periments have  been  prosecuted  in  feeding  and  pasturing 
cattle,  hogs,  and  sheep. 

Warren  W.Pendergast  of  the  Northeast  experiment  farm 
located  at  Grand  Rapids,  Minnesota,  died  August  26th,  1897. 
He  was  entrusted  with  the  responsibility  of  the  superinten- 
dency  when  the  station  was  located  in  the  spring  of  1896. 
From  the  first  he  gave  vigorous  attention  to  planning  new 
fields,  buildings,  roads,  fences,  investigation  of  soils,  drain- 
age of  swamps,  protection  of  young  timber,   reforesting 
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the  burned  areas,  and  the  development  of  grasses,  grain,  and 
forage  foods. 

During  the  brief  time  he  was  engaged  in  this  important 
work ,  he  acquired  much  valuable  information  by  his  experience 
and  observations  and  had  plans  for  the  future  development  of 
the  station  that  merited  approval.  His  marked  ability,  clear 
perception,  strength  of  purpose  in  accomplishing  work,  his 
rare  good  sense  in  dealing  with  men  and  his  splendid  char- 
acter peculiarly  fitted  him  for  the  position  he  so  ably  filled. 
His  loss  is  most  severe.  The  work  during  the  summer  and 
fall  of  *97  was  placed  in  charge  of  R.  W.  Clark,  who  was 
assisting  Mr.  Pendergast  at  the  time  of  his  death.  On 
February  1st,  1898,  Herman  H.  Chapman,  a  graduate  of 
the  State  University  and  School  of  Agriculture,  was  appointed 
superintendent  of  the  station  and  the  work  has  been  con- 
tinued along  the  lines  mapped  out  when  the  station  was 
established.  Much  valuable  information  as  to  methods  and 
cost  of  clearing  lands  in  this  region  has  been  acquired.  The 
farm  now  has  95  acres  of  land  from  which  the  stumps  have 
been  completely  removed  and  practically  freed  from 
roots  and  stones.  In  the  three  years  large  fields  have  been 
transformed  from  a  heavily  wooded  condition  to  one  of  per- 
fect tilth,  permitting  the  use  of  all  modem  farm  machinery. 
The  work  of  subduing  the  peat  or  muskeg  swamp  land  is 
progressing  very  satisfactorily.  An  extensive  open  drain  has 
lowered  the  water  level  in  two  of  these  swamps  permitting 
the  work  of  burning  and  breaking  them  to  commence.  The 
management  of  the  fields  is  being  carefully  studied  with 
especial  reference  to  maintaining  the  fertility  of  that  portion 
of  the  farm  on  which  the  soil  is  light  and  sandy.  Manuring 
and  the  use  of  green  manures  and  fertilizing  crops  is  an  im- 
portant part  of  this  work.  The  tests  conducted  the  last 
three  years  to  determine,  as  far  as  possible,  the  varieties  of 
grain  and  other  crops  best  adapted  to  the  soil  and  climate, 
have  placed  a  large  store  of  information  at  the  disposal  of 
settlers  in  this  region.  Especial  attention  has  been  given  to 
grain  and  root  crops,  including  potatoes.  It  is  hoped  that  a 
variety  of  corn  will  be  developed  that  will  far  surpass  any 
that  can  be  grown  there  at  present.    A  large  quantity  of  an- 
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nual  forage  crops  of  different  kinds  is  raised  on  the  farm  to 
illustrate  the  practicability  and  advantages  of  this  method 
of  feeding  dairy  and  other  stock.  Tests  of  the  different 
grasses  for  permanent  meadow  are  being  conducied  to  show 
their  hardihood  and  suitability  to  different  soil  conditions. 
The  farm  building  are  being  remodeled  and  improved  to 
serve  as  models  for  the  incoming  settlers.  A  large  vegetable 
garden  has  shown  the  possibility  of  raising  nearly  all  kinds 
of  vegetables  of  the  finest  quality.  A  great  many  ornamental 
shrubs  and  flowers  have  been  tested  for  hardiness.  The 
orchard  is  now  in  its  third  year  and  a  few  varieties  of  apples 
and  crabs  give  promise  of  being  able  to  withstand  the  climate. 
Small  fruits,  as  raspberries  and  strawberries,  have  been  very 
successful.  A  part  of  the  farm  is  devoted  to  experiments  in 
tree  culture  in  co-operation  with  the  United  States  Divis- 
ion of  Forestry.  Seedlings  and  transplants  of  the  White, 
Norway,  Jack,  Scotch,  and  Austrian  pines,  from  one  to  three 
years  old,  show  splendid  growth.  The  co-operative  experi- 
ment in  the  effect  of  locality  on  the  vitality  of  seed  has  given 
instructive  results. 

The  experiment  work  in  charge  of  Wm.  G.  Smith  at  the 
Coteau  Farm  started  in  1894  under  Prof.  Hays  has  resolved 
itself  into  a  study  of  soil  moisture,  soil  fertility,  production 
of  forage  crops,  and  forestry  protection.  The  soil  moisture 
studies  are  facilitated  verj"  much  by  the  use  of  an  electrical 
device  perfected  by  Dr.  Milton  Whitney,  chief  of  the  Division 
of  Soils,  Washington,  D.  C.  The  principle  on  which  this 
method  rests  is  that  the  electrical  conductivity  of  soils  varies 
regularly,  according  to  fixed  laws,  with  the  amount  of  water 
in  the  soil.  By  this  method  the  moisture  conditions  of  the 
soil  are  noted  daily  instead  of  in  periods  of  from  ten  to  fifteen 
days  as  by  the  old  method.  The  temperature  of  the  soil  is 
taken  by  the  same  device.  Some  two  dozen  temperature 
and  moisture  observations  can  be  made  with  this  device 
while  one  moisture  determination  is  being  made  by  the  old 
method.  Mulching,  surface  cultivation,  spring  and  fall 
plowing,  sub-surface  packing  and  sub-soiling  are  tested  for 
their  moisture  and  temperature  conditions  with  and  without 
crops,  the  object  being  to  find  the  treatment  that  not  only 


conserves  moisture  but  which  also,  jarives  rise  to  moist- 
ure and .  temperature  .conditions  ii^  which  the  decompo- 
sition of  organic  matter  is  quickly  brought  about  and  the 
best  crops  produced.  A  complete  set  of  meteorological  in- 
struments furnished  by  the  weather  bureau  enables  us  to 
secure  a  complete  weather  record  to  use  in  connection  with 
the  soil  moisture  and  temperature  work.  This  section  of  tjbe 
state  lies  in  the  driest  portion  of  Minnesota  and  the  method 
of  soil  culture  that  will  best  conserve  the  soil  water  for  the 
use  of  crops  here  should  succeed  elsewhere.  During  the  past 
two  years  data  have  been  gathered  along  this  line  that  are 
being  prepared  for  publication  in  a  much  more  comprehensive 
form  than  anything  of  the  kind  presented  before.  When  it  is 
remembered  that  from  three  to  five  hundred  tons  of  water 
are  necessary  in  growing  one  ton  of  field  crop  the  import- 
ance of  this  work  is  more  evident.  The  soil  fertility  studies 
are  shaped  by  the  suggestion  that  the  products  of  organic 
decay,  uniting  as  they  do  with  the  inert  minerals  of  the  soil, 
give  rise  to  important  plant  foods.  The  practical  methods 
of  thus  building  up  the  soil  are  being  carefully  studied.  The 
significance  of  using  a  leguminous  crop  every  fourth  or  fifth 
year  to  supply  the  food  which  the  non-leguminous  plants 
consume,  is  also  receiving  systematic  attention.  Adding 
organic  matter  to  the  soil  by  pasturing  animals  on  summer 
crops  and  grass  lands  is.  also  under  way.  This  year  three 
crops  were  grown  on  the  same  piece  of  land  and  each  crop 
was  pastured  off  as  soon  as  ready.  In  this  manner  much 
organic  matter  is  added  to  the  soil.  The  size  of  fields  and 
the  cost  of  fencing  comes  up  for  solution  in  connection 
with  this  system  of  field  management,  while  at  the  same 
time  better  crops  may  be  grown.  The  va^ue  of  this 
method  of  soil  culture  is  to  be  compared  with  continuous 
wheat  growing.  Methods  of  grass  and  clover  culture  are  a 
necessary. study  in  connection  with  the  soil  fertility  work. 
Much  success  attends  the  grass  and  clover  experiments. 
The  forestry  plantation  started  in  1894  under  the  direction 
of  Prof.  S.  B.  Green  is  doing  well.  It  is  much  appreciated  by 
those  who  have  heretofore  been  unsuccessful  in  tree  growing. 
Quick  growing  trees,  such  as  the  willoyr  and  caragana,  are 
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planted  for  protection  to  the  slower  growing  evergreens  and 
deciduous  trees.  In  this  work  we  are  aided  very  njuch'  by 
the  active  interest  of  Supt.  O.  C.  Gregg  on  whose  farm  the 
work  is  done .  He  is  having  marked  success  in  growing  small 
fruits  and  orchard  fruits  aided  by  this  system  of  forestry 
protection.  In  the  field  work  he  is  giving  substantial  aid  by 
shaping  his  farm  into  demonstration  fields  along  the  lines 
suggested  by  the  experiment  work. 

The  work  in  the  division  of  agriculture  is  largely  a  con- 
tinuation of  that  outlined  in  previous  reports.  The  experi- 
ments in  farm  and  field  management  are  progressing  year 
by  year.  The  present  year  marks  the  end  of  the  first  cycle 
of  five  years  in  the  rotation  experiments  in  which  the  division 
of  chemistry  shares  with  the  agricultural.  The  soil,  soil 
water  and  the  roots  of  field  crops  have  been  especially  studied 
at  University  and  Coteau  Farms.  The  experiments  with 
pastures,  permanent,  rotation,  summer  and  shift,  though  re- 
quiring many  years  for  their  completion  are.  progressing  at 
University  Farm,  and  at  the  outside  farms  co-operative 
work  has  been  started.  The  efforts  in  seeking  the  best 
varieties  of  each  kind  of  field  crops  for  each  portion  of  the 
state  that  better  kinds  may  be  disseminated  are  being  con- 
tinued and  with  the  aid  of  three  sub-stations  valuable  re- 
sults are  being  reached.  The  breeding  of  the  best  varieties 
of  our  staple  crops  is  being  carried  on  with  system  and  on  a 
sufliciently  extensive  scale  to  insure  good  results.  A  good 
variety  of  corn  has  been  disseminated  and  others  are  being 
bred  for  large  yield  and  other  good  qualities.  Several  new 
varieties  each  of  wheat,  flax,  timothy,  field  peas  and  bromus 
promise  added  yields.  The  methods  of  breeding  plants  are 
year  by  year  being  worked  out  in  a  manner  which  gives 
promise  of  important  economic  results.  In  connection  with 
this  breeding  the  floral  organs  of  the  leading  field  crops  are 
being  described  and  figures  drawn.  The  gross  anatomy  of 
the  stems  and  roots  of  the  important  crop  plants  likewise 
are  being  studied  andsketches  are  being  made  for  publication. 
Experiments  are  continued  in  preparing  the  soils.  Methods 
of  planting  and  cultivating  the  staple  crops,  harvesting  and 
storing  fodders  are  under  experimentation.    Prof.  W.  M. 
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Hays  and  Mr.  Andrew  Boss  express  special  satisfaction  and 
gratitude  for  the  loyal  and  efficient  services  of  the  various 
college  and  school  students  and  the  workmen  who  have  been 
interested  in  this  division  during  the  past  year.  Training 
young  men  in  the  science  and  art  of  agricultural  experiment- 
ation  is  a  most  important  function  of  the  station. 

In  the  division  of  horticulture  the  experiment  work  has 
been  done  along  about  the  same  lines  as  indicated  in  the  re- 
port of  last  year.  No  bulletin  has  been  published  but  the  re- 
ports of  the  division  have  been  printed  in  the  proceedings  of 
the  Minnesota  Horticultural  Society.  A  large  amount  of 
time  has  been  used  in  preparing  material  for  a  text  book  on 
forestry  for  use  in  the  School  and  College  of  Agriculture  that 
will  be  published  the  coming  year  so  as  to  be  in  readiness  at 
the  opening  of  the  school.  Considerable  attention  has  been 
given  to  the  care  and  management  of  the  grounds  about  our 
school  buildings,  grading  around  and  laying  out  drives  ad- 
jacent to  the  new  Girls'  Building  and  Power  House  and  to. 
the  laying  of  new  cement  sidewalks  from  the  Home  Building 
to  the  Laboratory  and  Drill  Hall.  A  new  and  very  com- 
plete card  index  system  has  been  adopted  for  keeping  the 
records  of  our  orchards,  small  fruit  plantations,  vegetables, 
trees  and  shrubs.  This  will  undoubtedly  help  us  very  much 
in  keeping  track  of  our  large  and  increasing  collection  of 
plants.  Several  hundred  record  photographs  have  been  added 
to  the  collection  already  on  hand,  which  now  numbers 
over  six  hundred.  The  collections  of  fruit  trees  and  plants^ 
ornamental  and  timber  trees,  shrubs,  etc.  have  been  increased 
by  suitable  additions  so  that  they  are  now  very  complete. 
About  seventy  varieties  of  apples  have  fruited  the  season 
just  passed  and  considering  the  fact  that  our  location  and 
soil  are  poorly  adapted  to  the  growing  of  apples  the  results 
have  been  very  satisfactory.  Nearly  all  of  our  varieties  of 
plums,  raspberries,  strawberries,  blackberries,  and  gooseber- 
ries fruited  heavily.  Grapes  yielded  a  fair  crop.  The  forestry 
plantation  has  been  increased  by  additions  of  much  interest 
and  it  is  in  excellent  condition.  About  sixty  varieties  of 
potatoes  of  the  newer  kinds  have  been  raised  in  competitive 
trial  and  the  results  tabulated.    Enough  varieties  of  other 
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vegetables  have  been  raised  to  keep  our  records  tip  to  date 
and  in  sufficient  quantity  in  most  cases  to  supply  the  Dining 
Hall.  The  studies  of  potato  machinery  have  been  continued 
and  are  regarded  with  much  interest  by  visitors  and  stu- 
dents. The  timely  and  abundant  rains  did  away  with  the 
necessity  of  using  our  irrigation  plant  to  any  great  extent. 
Considerable  interest  has  been  shown  in  the  results  of  some 
very  successful  experiments  carried  on  here  to  destroy  plum 
aphis  by  the  use  of  a  tent  and  tobacco  smoke.  Prof.  Green 
has  advised  with  the  superintendents  of  the  Northwest  and 
Northeast  Experiment  Stations  and  with  Supt.  O.  C.  Gregg 
of  Coteau  Farm  as  to  the  horticultural  and  forestry  work  at 
these  places. 

In  the  division  of  entomology  bulletin  No.  55  was  issued. 
It  is  a  text  book  of  nearly  300  pages  in  which  all  the  grass- 
hoppers, locusts,  crickets,  cockroaches,  and  allied  insects 
found  in  Minnesota  are fally  described  and  illustrated.  Both 
their  external  and  internal  anatomy  is  given.  The  methods 
used  to  combat  these  destructive  insects  successfully  are  dis- 
cussed in  detail  and  a  glossary  of  the  terms  used  assists  the 
reader  to  understand  the  descriptions  which  are  necessarily 
somewhat  technical.  Over  6000  tin  boxes  filled  with  spores 
to  combat  the  chinch-bugs  were  mailed  to  those  desiring  to 
use  them,  but  especially  to  millers  who  distributed  this 
material  among  their  farmer  customers.  The  results  have 
been  very  gratifying  in  numerous  instances,  as  indicated  by 
many  letters. 

Generally  speaking  the  past  season  has  been  a  remarkable 
one  so  far  as  insects  are  concerned,  and  the  damage  caused 
by  these  pests  has  been  exceptionally  slight,  excepting  in 
some  individual  cases.  Reports  of  injuries  to  our  grains, 
caused  by  the  frit-fly,  the  wheat  steam  maggot,  and  the 
Hessian  fly,  were  less  numerous  than  in  the  previous  year, 
while  the  number  of  letters  in  regard  to  the  wire-worms, 
several  kinds  of  cut- worms,  and  a  boring  cut-worm  became 
very  numerous  for  a  time,  showing  that  these  insects  are  in- 
creasing  in  numbers  and  destructiveness.  Grave  fears  were 
entertained  for  a  time  that  the  genuine  Rocky  Mountain 
Jocust  had  reached  or  would  reached  our  state.    Happily 
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these  fears  were  unfounded,  as  the  nearest  region  in  which 
this  insect  occurred  in  destructive  numbers  was  some  100 
miles  west  of  our  boundary  line  in  North  Dakota.  At  the 
invitation  of  the  Northern  Pacific  Railway  Company,  and 
later  of  that  of  the  Soo  line,  the  entomologist  visited  the  in- 
fested region  and  showed  the  farmers  how  to  go  to  work  to 
prevent  further  injuries.  Later  the  proper  authorities  in 
North  Dakota  took  the  matter  in  hand,  and  with  very 
marked  results.  In  some  of  our  older  cities  the  shade  trees 
are  badly  infested  with  the  cottony  scale  and  there  is  great 
danger  that  many  kinds  of  trees  will  be  killed  if  no  proper 
steps  are  taken  to  destroy  this  pest,  which  is  rapidly  spread- 
ing to  many  other  cities  and  even  to  wind  breaks  and  tim- 
ber claims.  The  entomologist  made  a  number  of  trips  to 
arouse  the  people  in  the  infested  cities  to  united  action  to 
save  their  trees.  A  number  of  nurseries  were  also  visited  to 
inspect  the  stock  so  that  it  could  be  sold  to  other  states  and 
to  Canada.  During  the  busy  season  it  is  not  unusual  for 
the  entomologist  to  receive  fifty  or  more  letters  per  day, 
hence  correspondents  cannot  always  expect  to  receive  lengthy 
answers.  The  museum,  which  contains  not  alone  ento- 
mological specimens  but  also  mounted  specimens  of  mam- 
mals and  birds,  has  grown  very  rapidly  in  size  and  in  im- 
portance, and  is  not  alone  visited  by  the  students  but  by 
many  visitors  and  quite  frequently  by  classes  from  the  public 
schools  of  the  twin  cities. 

In  the  chemical  division  bulletins  53,  54  and  56  have 
been  issued.  The  most  important  subjects  treated  were: 
Effects  of  the  rotation  of  crops  upon  the  fertility  and  humus 
content  of  soils,  and  the  production  of  humus  from  manures; 
the  gluten  of  wheat,  digestibility  and  composition  of  bread, 
losses  in  boiling  vegetables,  the  rational  feeding  of  men; 
summary- of  investigations  of  sugar  beets  from  1888  to  1898. 
In  connection  with  the  office  of  Experiment  Stations  of  the 
U.  S.  Department  of  Agriculture,  Bulletin  No.  43  Department 
of  Agriculture  was  published  entitled  * 'Losses  in  Boiling 
Vegetables  and  the  Composition  and  Digestibility  of  Pota- 
toes and  Eggs."  Prof.  Snyder  has  work  in  progress  as  fol- 
lows:   Fodders.    Factors,  as  seeds,  soils  and  cultivations, 
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which  influence  composition  and  feeding  value.  Manures, 
Losses  which  occur  in  the  handling  of  manures.  Compara- 
tive value  of  different  farm  manures.  Ventilation  of  stables. 
The  composition  of  air  from  poor  and  from  well  ventilated 
stables .  Soils,  Influence  of  different  methods  of  cultivation 
upon  the  moisture  content  of  soils.  Analysis  of  soils  from 
farms  where  the  fertility  has  been  kept  up  and  from  farms  that 
have  declined  in  crop-producing  power.  Work  as  referee  on 
soils  and  ash  for  the  Association  of  Official  Agricultural 
Chemists.  Human  Foods,  Continuation  of  the  work  out- 
lined in  1895.  In  1897  a  studj'-  was  made  of  the  chemical 
changes  which  take  place  in  bread  making.  This  work  was 
carried  on  in  co-operation  with  the  U.  S.  Department  of 
Agriculture.  Twenty-six  digestion  experiments  were  made 
with  milch  cows,  in  connection  with  the  dairy  division,  to 
determine  the  relative  feeding  value  of  corn  fodder  cut  at 
different  dates,  etc.;  and  analyses  of  crops  raised  on  rotation 
plots  in  co-operation  with  the  agricultural  divi^on  were 
made.  A  free  analysis  is  made  of  all  agricultural  materials 
sent  in  by  farmers  of  the  state,  provided  the  work  is  of  such 
a  nature  that  it  can  be  used  for  publication  in  bulletins.  The 
station  does  not  undertake  to  make  analyses  of  materials  as 
mineral  water,  minerals,  or  general  assay  work.  Numerous 
analyses  have  also  been  made  of  feeding  stuffs  as  bran,  oil 
meal  and  milled  products,  supposed  to  be  adulterated.  Some 
little  time  has  also  been  spent  in  the  analysis  of  limestones 
for  diffierent  localities  where  beet  sugar  factories  are  contem- 
plated. The  result  of  this  work  has  been  highly  satisfac- 
tory. Four  localities  have  been  found  where  the  limestone 
is  of  sufficiently  high  purity  to  allow  its  use  in  the  manufac- 
ture of  beet  sugar.  Many  analyses  have  also  been  made  of 
adulterated  flour  products  collected  in  the  large  trade 
centers  as  Chicago,  Cincinnati,  Richmond,  etc.  This  work 
was  done  because  of  the  threatened  injury  of  adulterated 
flour  to  our  wheat  and  milling  industry.  These  analyses 
were  made  at  the  time  the  pure  flour  law  was  before  con- 
gress with  the  object  of  showing  the  extent  to  which  flour 
was  adulterated. 

The  work  in  the  dairy  division  the  past  year,  as  well  as 
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the  five  previous  years,  has  been  directed  chiefly  toward 
determining  the  cost  of  milk  production.  During  the  winters 
of  1895-96  and-  1896-97  experiments  were  carried  on  to 
ascertain  why  some  cows  in  the  station  herd  made  so  large 
returns  in  dairy  products  while  others  with  like  care  and 
under  similar  conditions  produced  a  much  smaller  return. 
This  has  been  a  very  complicated  problem  to  solve  as  it  in- 
volves several  distinct  questions:  First,  the  amount  of  food 
nutrients  needed  for  bodily  maintenance;  second,  the  amount 
of  nu tri  ti  ve  substance  required  for  a  pound  of  gain ;  and  third , 
the  amount  of  food  nutrients  represented  per  pound  loss  of 
bodily  weight.  The  food  nutrients  needed  for  bodily  main- 
tenance are  not  fully  understood,  since  some  cows  gain 
during  their  period  of  lactation  while  others  lose,  and  some 
produce  more  solids,  not  fat,  in  their  milk.  Prof.  Haecker 
has  found  it  exceedingly  difficult  to  trace  the  disposition 
made  of  the  nutritive  substance  in  the  food  taken.  In  order 
to  ascertain  the  amount  of  food  required  to  maintain  the 
body,  several  cows  that  had  passed  the  period  of  usefulness 
in  the  dairy  and  had  gone  perfectly  dry,  were  used  in  this  part 
of  the  work  with  new  and  highly  satisfactory  results.  The 
experiment  in  rearing  dairy  calves  is  still  in  progress  with 
most  promising  results,  and  will  be  the  subject  of  a  bulletin 
to  be  prepared  for  publication  early  next  season.  A  number 
of  experiments  are  in  progress  with  a  view  to  getting  all  the 
data  necessary  for  a  complete  analysis  of  the  cow  best 
adapted  for  the  dairy,  the  work  being  confined  to  one  line, 
that  of  economic  milk  production. 

In  the  veterinary  division  the  work  during  the  past  year 
has  been  largely  with  hog  cholera,  which  has  prevailed  to  a 
serious  extent  over  the  entire  southern  portion  of  the  state. 
The  infection  probably  came  from  Iowa  and  Nebraska,  and 
spread  rapidly  during  the  seasons  of  1896  and  1897.  It  has 
been  the  plan  to  scatter  information  among  the  farmers  con- 
cerning the  disease  and  arouse  local  health  officers  and  stock- 
men to  the  seriousness  of  the  situation.  The  station  has 
issued  two  editions  of  press  bulletin  No.  5,  both  of  tvhich  are 
exhausted.  This  bulletin  deals  with  the  cause  and  nature  of 
the  disease,  symptoms,  how  it  is  spread,  mistakes  commonly 
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made  by  farmers  in  dealing  with  it,  and  gives  fall  informa- 
tion concerning  what  can  be  done  in  case  the  disease  appears. 
Dr.  Reynolds  has  spent  considerable  time  in  the  infected 
district  with  the  State  Farmers*  Institute  talking  on  hog 
cholera.  During  this  first  season  with  work  of  this  kind  it 
has  been  difficult  to  get  farmers  and  local  health  officers  to 
realize  that  much  could  be  done  by  proper  precautions  to 
limit  the  spread  of  hog  cholera  and  even  to  entirely  avoid  it. 
It  is  quite  evident  that  we  have  two  infectious  swine  diseases 
in  this  state,  swine  plague  and  hog  cholera;  and  for  some 
reason  not  yet  clearly  explained  the  two  diseases  almost 
invariably  appear  together  and  hogs  that  die  usually  show 
a  mixed  infection.  While  there  can  be  no  doubt  that  these 
diseases  are  caused  by  specific  germs,  it  is  believed  that  other 
factors  have  to  do  with  the  causation.  Conditions  of  food 
and  care  undoubtedly  have  quite  an  important  bearing,  and 
the  veterinary'  division  has  been  studying  this  feature  of  the 
problem.  For  this  purpose  a  small  blank  was  gotten  out 
for  field  data  and  when  a  blank  is  filled  out  for  each  out- 
break we  have  full  information  concerning  the  conditions 
under  which  the  outbreak  occurred.  During  the  season  of 
1897  the  experiment  station  has  also  been  conducting  some 
inoculation  experiments  with  hog  cholera  serum .  This  work 
has  been  done  in  collaboration  with  the  veterinary  division 
of  the  Nebraska  station.  Dr.  Peters  of  the  latter  station  fur- 
nished the  serum  and  did  the  laboratory  work;  Dr.  Reynolds 
has  planned  and  managed  the  field  work  for  this  state.  The 
results  will  be  published  in  bulletin  form  when  completed. 
The  results  of  the  test  experiments  were  not  as  satisfactory 
as  was  expected,  but  the  work  is  to  be  continued,  and  it  is 
to  be  hoped  that  we  will  soon  have  a  vaccine  that  will  give 
immunity  against  hog  cholera  for  a  reasonable  period.  It 
is  difficult  to  secure  a  vaccine  that  will  give  a  sufficient 
period  of  immunitj-,  and  be  at  the  same  time  concentrated 
and  cheaply  produced.  The  Bureau  of  Animal  Industry  has 
promised  to  furnish  us  limited  quantities  of  the  new  govern- 
ment serum  and  we  expect  to  do  some  experimental  work 
with  this  next  vear. 

The  animal  husbandry  department  has  carried  on  num- 
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erous  experiments  with  cattle  and  sheep.  The  experiments 
with  swine  were  rudely  broken  off  for  a  time  by  the  visita- 
tion of  hog  cholera  referred  to  in  the  preceding  report,  but 
extensive  experiments  in  the  line  of  cross  breeding  and  of 
growing  bacon  are  now  under  way.  Steers  from  the  range 
have  been  fattened  on  light  and  heavy  rations  to  determine 
the  relative  value  of  these.  Steers  of  different  types  have 
been  fed  to  demonstrate  the  influence  of  type  on  meat  pro- 
duction,'and  cattle  have  been  grown  for  meat  from  birth  to 
finish  to  determine  the  outcome  in  cost  and  profit.  Experi- 
ments have  been  conducted  in  fattening  home  grown  and 
range  lambs  on  similar  foods,  that  the  results  may  be  com- 
pared in  fattening  range  lambs  on  various  foods  to  deter- 
mine their  practicability  on  the  average  farm,  and  also  the 
relative  suitability  of  the  foods  used;  and  in  fattening  range 
wethers  and  lambs  respectively,  to  ascertain  which  of  these 
lines  of  work  is  attended  with  the  greatest  profit.  Most 
extensive  and  highly  successful  experiments  have  been 
conducted  in  growing  summer  forage  for  sheep.  These 
experiments  have  drawn  no  little  attention  and  favorable 
comment  from  all  parts  of  the  United  States  and  Canada. 
Comprehensive  experiments  are  now  being  carried  on  in 
growing  winter  fodders  for  sheep.  Three  bulletins  have  been 
issued  since  the  previous  report,  covering  ten  experiments, 
and  a  fourth  is  now  nearing  completion.  This  department 
has  also  produced  a  text  book,  **rhe  Study  of  Breeds,*' 
which  is  now  being  used  in  some  of  the  foremost  of  our 
'  agricultural  colleges. 

The  farmers  of  Minnesota  as  well  as  the  business  and 
professional  men  of  the  cities  have  shown  a  great  interest  in 
our  work  during  this  year.  Many  delegations  of  farmers 
from  the  various  counties  of  the  state  have  visited  the  farm 
this  summer.  During  the  past  winter  we  received  many 
visitations  from  farmer  delegations  as  well  as  from  the 
chamber  of  commerce,  St.  Paul,  and  the  board  of  trade, 
Minneapolis.  Scarcely  a  day  passes  that  we  do  not  have 
from  five  to  twenty  visitors.  The  Grange  people  and  also 
the  Horticultural  vSociety  make  this  their  home  for  their  an- 
nual meetings.    All  are  cordially  received,  as  their  coming  is 
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an  evidence  of  interest  in  our  work  and  most  encouraging  to 
those  who  are  devoting  their  energies  and  best  thought  to 
giving  assistance  to  all  who  are  pursuing  the  general  lines 
of  agriculture. 

Since  the  organization  of  this  station  there  has  not  been 
such  an  earnest  desire  for  information  and  a  lively  demand  for 
help  along  the  lines  of  agriculture  as  this  year.  Our  mail  is 
increasing  daily,  and  we  make  it  a  rule  of  this  station  to 
answer  promptly  every  inquiry,  either  by  a  personal  letter 
or  mailmg  some  printed  matter  giving  the  information 
desired. 

Seven  bulletins  have  been  published  during  the  year. 
Twenty  thousand  copies  of  each  issue,  excepting  53  and  55 
(the  former  seventeen  thousand,  the  latter  fourteen  thou- 
sand) making  over  ten  million  four  hundred  thousand  pages, 
giving  the  results  of  in vestigation  and  observation  made  by 
the  station  staff,  have  been  issued. 

In  addition  one  thousand  copies  of  our  annual  reports 
are  forwarded  to  other  stations  and  libraries.  We  have 
many  calls  for  these  reports  from  all  parts  of  the  United 
States  that  we  cannot  supply.  As  the  publishing  of  this 
report  is  paid  out  of  our  current  fund,  it  is  not  possible  to 
print  more  than  our  exchanges  demand. 

WM.  M.   LIGGETT, 

Director. 


Printed  alto  as  Bulletin  No.  53  of  this  Station. 


EFFECTS  OF  THE  ROTATION  OF  CROPS  UPON  THE 
HUMUS  CONTENT  AND  THE  FERTILITY 

OF  SOILS. 


HARRY  SNYPER. 

In  the  spring  of  1892,  a  field  that  had  been  cultivated* 
about  forty  years  to  small  grains,  was  divided  into  six  plots. 
The  soil  was  in  a  fair  condition  as  to  fertility  but  had  been 
somewhat  exhausted  by  continuous  wheat  cropping.  It 
was  the  plan  to  see  what  could  be  done  to  improve  such  a  soil: 
by  a  simple  rotation  of  crops,  and  the  use  of  farm  manure. 

The  first  year,  1892,  all  of  the  plots  were  sown  to  wheat, 
in  order  to  determine  whether  the  soils  were  uniform  in  crop^ 
producing  power.  The  plots  were  found  to  be  quiteuniform, 
the  greatest  difierence  in  yield  between  any  two  plots  being- 
1.10  bushels  of  wheat  per  acre. 

Before  beginning  the  experiment , samples  of  soil  were  taken# 
from  each  of  the  plots  in  the  following  way:  Three  points 
were  selected  in  each  plot.  Within  a  radius  of  20  feet  from 
each  of  these  points  five  samples  of  soil  were  taken  with  a. 
post  hole  auger,  to  a  depth  of  nine  inches.  All  of  these  small 
samples  were  placed  in  a  large  box  and  thoroughly  mixed 
and  then  the  sample  for  analysis  was  taken  from  the  mixed 
lot  of  small  samples. 

The  plan  of  the  experiment  was  to  grow  wheat,  com,  oats, 
and  barley  continuously  on  four  of  the  plots,  and  on  two  of 
the  plots  to  raise  these  same  crops  in  rotation  with  clover 
and  manure.  The  crops  raised  on  each  plot  were  sampled 
and  analyzed,  and  analyses  were  made  of  the  soil  before  and 
after  the  experiment. 

It  is  to  be  observed  that  on  four  of  the  plots  there  were 
no  humus-forming  materials  added  to  the  soil,  while  on  two 
of  the  plots  humus-forming  materials  were  added. 

The  plots  selected  for  these  trials  were  quite  uniform  in. 
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both  chemical  composition  and  crop  producing  power.  No 
commercial  fertilizers  had  ever  been  used.  Prior  to  the 
wheat  crop  in  1892  com  had  been  grown.  The  land  was 
well  drained  and  in  good  mechanical  condition.  Plots  1,  2 
and  3  were  4  rods  by  5  rods,  while  plots  4,  5  and  6  were  2 
rods  by  5  rods.  Each  plot  was  separated  from  the  next  plot 
by  a  strip  six  feet  wide.  The  plots  were  seeded  to  the  centre 
of  this  six-foot  strip,  and  at  harvest  time  the  outer  edge  of 
three  feet  around  each  plot,  was  cut  away;  this  was  done  to 
avoid  irregularities  due  to  imperfect  seeding  and  to  the  im- 
perfect growth  of  the  crop  around  the  edges. 

On  plot  No.  1,  wheat  was  grown  continuously.  On  plot 
No.  2,  wheat  was  grown  in  1893,  and  clover  was  sown  with 
the  wheat;  a  crop  of  clover  was  harvested  in  1894.  In  the 
fall  of  1894  the  clover  sod  was  plowed  under,  and  the  next 
year  a  crop  of  wheat  w^as  grown  and  in  1896  a  crop  of  oats. 
It  is  the  plan  to  apply  manure  at  this  point  and  produce  a 
crop  of  corn,  and  to  follow  the  corn  with  wheat  and  clover, 
the  complete  rotation  being:  (1)  Wheat  and  clover,  (2) 
clover,  (3)  wheat,  (4)  oats,  (5)  corn  and  manure. 

Plot  No.  3.  After  the  wheat  crop  in  1892,  oats  were 
grown,  and  clover  was  seeded  with  the  oats,  and  in  1894,  a 
crop  of  clover  was  harvested.  The  clover  sod  was  fall 
plowed  and  the  next  year  barley  was  grown.  After  the 
barley  crop  the  plot  received  1200  poiinds  of  manure,  and 
the  next  year  was  seeded  to  corn,  the  complete  rotation 
being:  (1)  Oats  (and  clover),  (2)  clover,(3)  barlej',  (4)  com 
and  manure. 

On  plot  No.  4,  com  is  being  grown  continuously,  while 
plots  Nos.  5  and  6  produce  oats  and  barley  continuously. 


Wheat 

Contiiiii- 
outly. 

Rotation. 

Rotation. 

Com. 

o«tt. 

Continuously 

Barley. 

1  Wheat 
(Clover) 

2  C^orer. 

3  Wheat. 

1  Oato 

(CIOTcr.) 

2  Clover. 

3  Barley. 

4  Oats. 

5  Com  and 

Manure 

-i    Com  and 
Manure. 

THE  LOSS  OF  NITROGEN. 


Before  considering  some  of  the  chemical  changes  which 
have  taken  place  in  the  soil,  the  yields  per  acre  from  the  dif- 
ferent plots  will  be  briefly  stated. 


TABLE  NO.  1. 


Plot  1 


Plot  2. 


Plot  3. 


Bu.  per 
Acre. 

Bu.  per 
Acre. 

B«.  per 
Acre. 

1893 

Wheat 

12.3 

1893 

Wheat 

13.7 

1893 

Oats 

4.6V4 

1894. 
1895 

Wheat 
Wheat 

8.9 
17.3 

1894 
1895 

Clover 

Ob-.) 

Wheat 

4320. 

1894 
1895 

Clover 

(lbs.) 

Barley 

2360. 
42V3 

189G 

Wheat 

14..  1 

1896 

Oats 

31U 

1896 

Com 

66.7 

Plot  4. 

1 
Plot  5. 

1 

Plot  6. 

1893 

Corn 

50 

1893 

Oats 

4.2^     ' 

1     1893 

Barley 

28 

1804 

Corn. 

331.3 

181)4 

OatB 

27 

1894 

Barley 

IRH 

1895 

Corn 

75.5 

1895 

Oats 

64.1     ' 

1     1895 

Barley 

39 

1896 

Corn 

44..4 

1896 

Oats 

31 

1     1896 

Barley 

352s 

[NoTE--In  1894  there  was  less  than  .2  inch  rainfall  from  May  18  to  Sept.  12.] 

The  Loss  of  Nitrogen. — In  discussing  the  losses  from  the 
soil  during  these  rotations,  particular  attention  is  given  to 
the  nitrogen  because  it  is  the  most  important  dement  for 
grain  production.  It  is  an  element  that  is  capable  of  being 
.lost  from  the  soil  more  rapidh"  than  any  other  element.  It 
is  the  only  element  that  is  capable  of  being  increased  without 
the  addition  of  some  kind  of  fertilizer.  The  method  for  the 
determination  of  the  total  nitrogen  is  verj'  accurate,  which 
admits  of  a  more  general  application  of  the  results. 

In  these  investigations  four  determinations  of  nitrogen 
were  made  with  each  sample.  The  original  soils  were 
analyzed  at  the  time  of  sampling,  kept  in  sealed  bottles,  and 
analyzed  again  along  with  the  samples  taken  at  the  close  of 
the  rotation.  Forty  grams  of  soil  were  taken  for  each 
determination. 

There  is  no  element  of  the  soil  that  requires  more  careful 
consideration  at  the  present  time  than  the  element,  nitrogen. 
It  is  the  most  expensive  of  all  the  elements.  When  purchased 
in  the  form  of  commercial  fertilizers,  it  costs  from  12  to  17 
cents  per  pound. 
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The  reason  why  the  nitrogen  of  the  soil  decreases  so  rapid- 
ly is  because  it  readily  breaks  loose  from  the  humus  (decay- 
ing vegetable  and  animal  matter)  with  which  jt  is  combined 
and  when  separated  from  the  humus  it  forms  either  gaseous 
products,  like  ammonia,  or  compounds  known  as  nitrates, 
which  are  washed  out  of  the  soils  bv  rains,  or  the  nitrates 
may  be  lost  by  the  workings  of  organisms  which  liberate 
the  nitrogen  as  a  gas. 

In  discussing  these  rotations  it  is  not  the  intention  to  con- 
vey the  idea  that  those  given  are  the  best  that  could  be  fol- 
lowed. This  can  be  determined  only  after  a  long  series  of  ex- 
periments upon  different  types  of  soil.  Experiments  relating 
to  the  various  problems  connected  with  the  rotation  of 
crops  are  now  in  progress  at  the  Experiment  Station. 

The  Loss  of  Nitrogen  by  Continuous  Wheat  Raising— In 
plots  Nos.  1  and  2  there  was  originally  preseilt  in  the  soil 
.221  per  cent  of  nitrogen,  equivalent  to  5,400  lbs.  of  nitro- 
gen per  acre  to  a  depth  of  9  inches.  After  four  3'ears  contin- 
uous cropping  to  wheat,  plot  No.  1  yielded  .193  per  cent  of 
nitrogen,  a  loss  of  .028  per  cent,  equivalent  to  an  aunual 
loss  of  171  lbs.  of  nitrogen  per  acre.  The  amount  of  nitrogen 
removed  in  the  crops  during  the  four  years  amounted  to  98 
lbs.  The  diflerence  between  the  amount  lost  from  the  soil 
and  the  amount  removed  in  the  crop  was  146  lbs.  per  3'ear. 
This  nitrogen  was  lost  by  the  oxidation  of  the  humus,  by 
denitrification,  mechanically,  by  wind  storms,  and  through 
the  loss  of  nitrates  by  drainage.  It  is  to  be  observed  that 
for  every  pound  of  nitrogen  removed  in  the  wheat  crop  there 
has  been  a  loss  of  over  5  lbs.  ot  nitrogen  from  the  soil. 

In  continuous  wheat  raising,  without  rotations  or  the 
use  of  manures,  the  decline  in  crop  producing  power  is  caused 
mainly  by  the  excessive  losses  of  nitrogen,  not  entirely  on  ac- 
count of  the  nitrogen  removed  by  the  crop  but  because  of  the 
destruction  of  the  humus.  When  the  nitrogen  is  combined 
with  the  humus  it  is  in  a  stable  form,  but  as  soon  as  the  hu- 
mus is  destroyed  the  nitrogen  is  converted  into  gaseous  and 
other  forms  which  are  readily  lost.  The  continuous  cultiva- 
tion of  small  grains  is  particularly  favorable  to  the  destruc- 
tion of  both  the  humus  and  the  nitrogen.  The  crop  is  unable  to 
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utilize  all  of  the  nitrogen  that  is  liberated  by  the  breaking 
down  of  the  humus.  This  change  takes  place  during  nearly 
■eight  months  of  the  year,  while  the  spring  wheat  crop  takes 
its  nitrogen  from  the  soil  in  the  spring  and  early  summer 
when  there  is  less  decomposition  of  the  humus  taking  place 
than  later  in  the  year.  The  wheat  crop  is  placed  at  a  dis- 
advantage in  obtaining  its  nitrogen.  As  shown  in  BuUerin 
No.  29,  this  station,  the  wheat  plant  takes  over  85  per  cent, 
of  its  nitrogen  from  the  soil  during  the  first  fifty  days  of 
growth.  The  available  nitrogen,  as  it  is  called,  which  is 
formed  from  the  breaking  down  of  the  humus,  if  not  utilized 
by  a  crop,  is  easily  lost.  Inasmuch  as  there  is  only  this  short 
period  of  fifty  days  when  the  nitrogen  is  mainly  utilized  by 
the  wheat  crop,  while  the  breaking  down  of  the  humus  goes 
on  during  seven  or  eight  months  of  the  year,  it  is  easy  to  un- 
derstand why  there  is  such  a  heavy  loss  of  nitrogen  when  a 
grain  crop  is  raised  continuously  as  on  this  plot. 

The  Gain  of  Nitrogen  During"  a  Rotation. — In  plot  No.  2 
where  clover  has  been  grown  in  a  rotation,  there  has  been  a 
gain  of  nitrogen.  Originally  the  soil  contained  .221  per 
cent  nitrogen.  At  the  end  of  the  rotation  there  was  .231 
percent  nitrogen  present  in  the  soil.  On  this  plot  clover 
was  grown,  and  the  second  growth  of  clover  \sras  plowed 
under  for  green  manure.  The  total  nitrogen  removed  in  the 
-crops  amounted  to  178  pounds.  Notwithstanding  the  fact 
that  larger  crops  have  been  grown  on  this  plot  than  on 
number  1  th«ere  has  been  a  gaiil  of  245  pounds  of  nitrogen 
in  the  four  years'  rotation,  in  addition  to  the  nitrogen  re- 
moved in  the  crops.  This  nitrogen,  it  is  believed,  has  been 
gained  largely  by  the  clover  from  the  free  nitrogen  of  the  air. 
Compared  with  plot  number  1,  this  plot,  after  producing 
larger  crops,  contains  much  more  nitrogen  per  acre;  that  is, 
when  a  rotation  was  followed,  in  which  clover  formed  an 
important  part,  instead  of  a  loss  of  nitrogen  there  was  a 
gain. 

In  this  rotation  wheat  was  grown  twice  in  five  years. 
With  the  first  wheat  crop  clover  was  sown.  An  unusually 
good  catch  was  obtained,  and  the  next  year  the  first  cutting 
of  clover  yielded  over  two  tons  per  acre.    The  second  crop, 
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which  was  nearly  as  heavy,  was  plowed  under.  The  first 
year  of  the  rotation,  after  the  w^heat  was  cut,  the  land,  in- 
stead of  being  left  bare,  was  covered  with  a  good  growth  of 
clover,  which  not  only  prevented  the  loss  of  nitrogen  and 
humus  but  added  these  valuable  materials  to  the  soil.  When 
oats  were  grown  in  this  rotation  there  was  no  material  dif- 
ference in  yield  from  plot  5  where  they  were  grown  continu- 
ously. As  is  well  known  both  oats  and  barley  are  not  so 
delicate  in  feeding  powers  as  wheat,  and  the  soil  had  not 
been  reduced  below  the  point  of  good  oat  and  barley  pro- 
duction, as  it  had  below  the  point  of  good  wheat  produc- 
tion. 

It  is  to  be  observed,  however,  that  when  wheat  followed 
clover  the  yield  was  five  bushels  more  per  acre  than  when 
wheat  folio  wed  wheat ,  as  in  plot  1 .  The  value  of  a  good  rota- 
tion is  exemplified  in  this  experiment  where  the  yields  per  acre 
have  been  increased,  and  at  the  same  time  both  the  humus 
and  the  nitrogen  have  been  increased. 

On  plot  3  a  rotation  somewhat  similar  to  the  one  on 
plot  2  was  followed.  The  first  year  clover  was  seeded  with 
oats  instead  of  with  wheat  as  in  number  2.  The  clover 
did  not  do  so  well  as  when  seeded  with  the  wheat;  about  a 
ton  per  acre  less  of  clover  was  obtained  from  this  plot.  The 
second  crop  of  clover  w^as  correspondingly  light.  In  this  ro- 
tation, where  corn  followed  the  second  year  after  the  clover, 
and  received  a  light  dressing  of  manure,  a  yield  of  17  bushels 
per  acre  more  of  corn  was  obtained  than  when  com  was 
grown  continuously  as  on  plot  4. 

The  soil  of  this  plot  originally  contained  .211  per  cent  of 
nitrogen.  At  the  close  of  the  rotation  it  contained  .218  per 
cent  of  nitrogen.  The  amount  of  nitrogen  removed  in  the 
crops  during  the  four  3'ears  amounted  to  204  pounds. 
The  gain  in  nitrogen  has  been  at  the  rate  of  about  40 
pounds  per  acre.  The  poorer  stand  of  clover  probably 
accounts  for  the  smaller  gain  of  nitrogen  than  in  plot  num- 
ber 2.  Had  wheat  been  grown  in  this  rotation  instead 
of  barley,  there  would,  undoubtedly,  have  been  a  better 
return  per  acre. 
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The  Loss  of  Nitrogen  When  Corny  Oats  or  Barley  is 
Grown  Continuously. — On  plot  No.  4  corn  was  grown  con- 
tinuottsly.  The  average  yield  per  acre  for  the  four  years 
was  50.8  bushels.  The  soil  originally  contained  .211  per 
cent  nitrogen.  After  raising  four  com  crops  the  soil  con- 
tained .197  per  cent  nitrogen,  making  a  loss  of  340  pounds. 
The  nitrogen  removed  in  the  four  corn  crops  amounted  to 
225  pounds,  making  an  average  loss  of  nearl3'  29  pounds  of 
nitrogen  per  year  not  removed  in  the  crop.  Compared  with 
the  continuous  wheat  plot  the  loss  of  nitrogen  from  the 
corn  plot  has  been  materially  less,  but  the  loss  is  much 
greater  than  it  should  be.  Many  farmers  have  observed  that 
when  wheat  follows  com  the  yield  of  wheat  is  increased. 
Although  a  corn  crop  takes  more  nitrogen  from  the  soil  than 
a  wheat  crop,  the  cultivation  of  the  corn  crop  favors 
nitrification  (production  of  nitrates  from  humus)  and  re- 
sults in  leaving  more  available  nitrogen  in  the  soil.  Inci- 
dentally it  may  be  said  that  growing  corn  between  two 
wheat  crops  is  not  so  hard  on  the  land  as  bare  summer 
fallow. 

On  this  plot  where  corn  was  grown  continuously  it  is  to 
be  observed  that  there  has  been  a  gradual  annual  decline  of 
about  84  pounds  of  nitrogen  per  acre,  55  pounds  being 
removed  in  the  crop  and  about  29  pounds  lost  in  other 
ways. 

In  plot  number  5,  where  oats  were  grown  continu- 
ously, there  has  been  a  more  rapid  decline  of  nitrogen  than 
when  wheat  was  grown  continuously.  During  the  four 
years  there  has  been  an  annual  loss  of  196  pounds  of  nitro- 
gen per  acre.  On  an  average,  about  46  pounds  of  nitrogen 
per  acre  were  removed  in  the  oat  crop.  This  difference  of 
150  pounds  of  nitrogen,  between  the  amount  lost  from  the 
soil  and  the  amount  removed  in  the  crop,  has  been  lost  by  the 
decomposition  of  the  humus  and  in  other  ways  as  pointed 
out  in  discussing  the  losses  from  plot  number  1.  Although 
this  soil  has  lost  its  nitrogen  more  rapidly  than  plot  number 
1,  the  yield  per  acre  has  not  been  affected  so  noticeably 
because  the  oat  plant  is  a  stronger  feeding  plant  than  wheat, 
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and  it  is  capable  of  obtaining  food  from  the  soil  where  wheat 
would  suffer  for  the  want  of  food. 

When  barley  was  grown  continuously,  on  plot  number 
6,  the  total  loss  of  nitrogen  from  the  soil  was  about  the 
same  as  from  plot  5,  where  oats  were  grown  continuously. 
The  soil  of  this  plot  originally  contained  .211  per  cent  nitro- 
gen; after  four  years  of  barley,  the  soil  contained  .177  per 
cent  nitrogen,  equivalent  to  a  loss  of  over  800  pounds  of 
nitrogen  in  four  years.  The  crop  has  removed  about  30 
pounds  of  nitrogen  per  year.  When  barley  was  grown  con- 
tiguously there  was  an  annual  loss  of  170  pounds  of  nitro- 
gen per  acre  in  addition  to  the  nitrogen  removed  in  the  crop. 

The  Increase  and  Decrease  of  Humus  During  the  Rotations, 
— There  has  been  a  fluctuation  of  the  humus  content  of  the 
soil  similar  to  the  fluctuation  of  the  nitrogen.  Before  the 
rotations,  there  was  an  average  of  about  3.30  per  cent 
humus  (decayed  vegetable  and  animal  matter),  and  7.68  per 
cent  of  total  volatile  matter.  At  the  close  of  the  rotation 
periods  the  amounts  of  humus  and  volatile  matter  were  as 
follows: 


TABLE  No.  II— Losg  and  Gain  or  Humus. 


Humtis 
Per  Cent. 

Gain  + 
Loss  • 

Total 

Volatile 

Per  Cent. 

Gain   f 
Loss   • 

Plot  I.     Wheat  conti'ualy... 
Plot  II.    Rotation 

3.00 
3.80 
3.50 
3.10 
3.08 
3.10 

•30 

tso 

t.20 
♦.20 
•.22 
•.20 

7.48 
8.03 
7.83 
7.26 
7.04 
687 

••20 
t.37 

Plot  III.          "        

t.l6 

Plot  IV.    Corn  continu'sly. 
Plot  V.    Oats 
Plot  VI.     Barley 

•.42 
•54 

•.81 

In  plot  number  1  the  loss  of  .30  per  cent  humus  in  four 
years  is  equivalent  to  a  loss  of  7300  pounds  of  humus.  With 
continuous  wheat  raising  there  has  been  an  annual  loss  of 
1800  pounds  of  humus  per  acre.  The  losses  from  continuous 
com,  oats  and  barley  cultivation  have  amounted  to  about 
1500  pounds  of  humus  per  year. 
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In  the  rotation  plots^  instead  of  a  loss  of  humus  there 
has  been  a  gain.  In  plot  number  three  the  gain  of  humus 
was  equivalent  to  about  1500  poqnds  per  acre. 

The  loss  of  humus  from  plots  Nos.  1,  4,  5,  and  6  has 
materially  affected  the  physical  qualities  of  the  soil.  Soil 
number  one  is  a  number  of  shades  lighter  than  either  miin- 
bers  two  or  three.  Number  two  is  the  darkest  in  the  color. 
It  would  hardly  be  supposed  that  the  loss  of  humus  would 
affect  the  color  of  the  soil.  When  the  soils  are  arranged  in 
order  of  color,  numbers  one,  four,  five  and  six  are  all  about 
the  same  shade.  Number  three  is  materially  darker^  whi)e 
number  two  is  the  darkest  of  all.  Farmers  who  have  seen 
the  soils  upon  trays  in  the  laboratory  have  invariably  ar- 
ranged them,  as  to  color,  in  the  order  given. 

There  has  also  been  a  slight  change  in  the  weight  of  the 
soil.  Originally  the  soils  weighed  about  75  lbs.  per  cubic 
foot.  The  weights  per  cubic  foot  at  the  close  of  the  rotation 
were:  No.  1,  76.9  tbs.;  No.  2,  72  lbs.;  No.  3,  74  lbs.;  No.  4, 
77.8  lbs.;  No.  5,  76.9  lbs.;  No.  6,  76.3  lbs.  •  With  the  loss  in 
humus  it  is  to  be  observed  that  there  has  been  a  gradual  in- 
crease in  the  weight  per  cubic  foot  of  the  soil. 

In  addition  to  the  weight  per  cubic  foot,  and  the  color, 
there  are  other  important  ^physical  changes  which  have 
occurred.  The  capacity  for  holding  and  retaining  water  has 
been  affected.  Determinations  of  moisture  made  during  the 
growing  season  almost  invariably  gave  a  higher  per  cent  of 
water  from  the  rotation  plots  than  from  the  plots  where  the 
gains  have  been  grown  continuously.  This  part  of  the  sub- 
ject is  now  under  investigation  and  will  be  discussed  in  a 
future  bulletin. 

Rat^  of  Oxidation  of  the  Humus. — Thelosses  of  jiitrogen 

from  different  kinds  of  soil  undoubtedly  vary  to  someextent. 

The  greatest  loss  occurs  when  soils  are  rich  in  nitrogen,  and 

the  losses  are  proportionateh^  less  in  soils  which  are  poor  in 

nitrogen.    There  is  a  tendency  toward  the  establishment  of 

an  equilibrium  as  to  the  nitrogen  content  of  soils.  When  a 
prairie  soil  is  first  brought  under  cultivation,  the  oxidation 
of  the  humus  takes  place  rapidly.  After  the  soils  have  been 
cultivated,  and  contain  less  humus,  the  oxidation  of  the 
humus  goes  on  more  slowly. 
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The  figures  given  in  this  bulletin  for  the  losses  of  nitro- 
gen are  probably  much  less  than  are  the  losses  from  many 
of  the  soils  of  the  state  that  have  been  under  cultivation  for 
a  shorter  time,  while  for  soils  which  are  poorer  in  nitrogen 
than  the  experiment  station  soil,  these  figures  are  probably 
too  high.  It  is  with  the  new  soils  where  the  heaviest  losses 
of  nitrogen  occur.  Although  the  loss  of  nitrogen  during  the 
first  few  years  is  not  felt,  in  time  it  will  be  severely  felt. 

Summer  Fallowing"  Causes  a  Loss  of  both  Humus  and 
Nitrogen, — The  practice  of  bare  summer  fallowing  has  been 
thq  cause  of  the  unnecessary  loss  of  nitrogen  from  manj*^ 
soils.  Summer  fallowing  is  practiced  with  the  intention  of 
increasing  the  yield  of  the  crop  which  is  to  follow.  The  yield 
is  increased,  but  it  is  at  the  expense  of  a  loss  of  nitrogen. 
Summer  fallowing  leaves  the  soil  in  a  good  condition  for 
nitrification  to  take  place.  The  humus  is  used  up  more 
rapidly  than  if  there  were  a  crop  on  the  land.  The  following 
crop  is  increased  because  there  has  been  a  larger  portion  of 
the  humus  broken  down  which  has  furnished  available  nitro- 
gen for  the  next  crop.  While  this  change  of  the  nitrogen 
from  humus  to  available  forms  is  very  desirable,  it  must  at 
times  be  prevented.  In  summer  fallowing  too  much  of  the 
nitrogen  is  changed  from  the  humic  to  available  forms.  The 
following  crop  can  not  utilize  all  of  the  nitrogen  which  has 
been  liberated,  and  consequently  there  is  a  large  per  cent  lost. 

Adjoining  plot  No.  1  a  stripof  land  was  summer  fallowed 
for  two  years.  While  it  is  not  customary  to  follow  two 
years  in  succession,  fallowing  is  sometimes  practiced  every 
other  year.  In  the  soil  before  the  summer  fallowing  there 
was  present  .221  per  cent  nitrogen,  after  two  3'ears  of  sum- 
mer fallowing  the  soil  contained  .201  per  cent  nitrogen. 
While  a  loss  of  .02  of  a  per  cent  nitrogen  does  not  appear  to 
be  a  heav3^  one,  it  is  in  the  aggregate  quite  large  as  it 
amounts  to  590  pounds  of  nitrogen  per  acre.  Two  wheat 
crops  would  have  removed  less  than  a  hundred  pounds  of 
nitrogen.  In  order  to  obtain  available  nitrogen  for  a  wheat 
crop  about  five  times  more  than  is  required  is  rendered 
available  and  lost. 
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The  losses  from  summer  fallowing  a  rich  soil  are  greater 
than  from  fallowing  a  poorer  soil  because  the  oxidation  of 
the  humus  is  so  much  more  rapid  in  thesoils  well  stocked  with 
humus.  The  question  of  summer  fallowing  should  be  care- 
fully considered  before  it  is  practiced  extensively  because  it 
temporarily  increases  the  yield  at  the  expense  of  permanently 
reducing  the  nitrogen  content  of  the  soil. 


PRODUCTION  OF  HUMUS  FROM  MANURES. 


HARRY  SNYDER. 

Nature  of  the  Work. — In  former  publications  from  this 
station,  experiments  have  been  reported  relating  to  the  value 
of  humus  and  the  part  which  it  takes  in  soil  fertility.  It  has 
been  thought  best  to  repeat  some  of  the  experiments  relating 
to  the  action  of  manures  upon  soils,  and  to  the  formation 
of  humus  from  manures.  While  it  is  true  that  manure, 
green  clover,  meat  scraps,  straw,  sawdust,  or  in  fact  almost 
any  animal  or  vegetable  matter,  when  it  decomposes,  may 
form  humus,  it  does  not  necessarily  follow  that  the  humus  is 
all  equally  valuable,  or  that  all  decomposing  materials 
have  the  same  power  of  uniting  with  the  phosphoric  acid 
and  potash  of  the  soil  to  form  humates.  In  order  to  obtain 
information  upon  these  various  points,  humus  was  prepared 
from  a  number  of  diflFerent  materials. 

Humus  and  Humates. — The  animal  and  vegetable  sub- 
stances present  in  the  soil,  in  intermediate  forms  of  decom- 
position, are  collectively  spoken  of  as  humus.  Humus  is  a 
very  complex  material,  composed  of  a  large  number  of 
separate  compounds  about  which  but  little  is  actually 
known.  The  decaying  animal  and  vegetable  substances  are 
capable  of  uniting  chemically  with  the  potash,  phosphoric 
acid  and  lime  of  the  soil,  forming  compounds  known  as 
humates. 

Former  Work  Relating-  to  the  Value  of  Humus — In  former 
experiments,  reported  in  bulletins  No.  30  and  41,  of  this  sta- 
tion, humus  has  been  found  to  be  valuable  in  the  following 
ways: 

1.  The  loss  of  humus  from  a  soil  involves  a  loss  of  nitro- 
gen, one  of  the  elements  composing  humus.  Nitrogen  is  one 
of  the  most  valuable  elements  found  in  the  soil. 

2.  The  loss  of  humus  from  the  soil  results  in  decreasing 
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its  power  of  storing  up  and  properly  supplying  crops  with 
water.  Soils  containing  a  liberal  supply  of  humus  are  capa- 
ble of  more  effectualh-  withstanding  drought  than  similar 
soils  with  less  humus. 

3.  The  loss  of  humus  has  resulted  in  a  decline  in  crop 
producing  power  due,  not  only  to  a  loss  of  nitrogen  and  a 
decreased  power  of  storing  up  water,  but  due  also  to  a  de- 
crease of  available  potash  and  phosphoric  acid. 

4.  When  animal  and  vegetable  matter,  like  manure,  de- 
composes, the  humus  unites  with  some  of  the  inert  potash 
and  phosphoric  acid  of  the  soil  and  forms  a  valuable  class  of 
compounds  known  as  humates. 

5.  Many  crops  have  the  power  of  utilizing,  for  food 
purposes,  the  potash  and  phosphoric  acid  combined  with 
the  humus. 

Importance  of  Humates. — If  it  is  true  that  manures  may 
unite  with  the  potash,  lime  and  phosphoric  acid  of  the  soil 
to  form  humates,  then  well  prepared  farm  manure  has  an 
additional  value  and  its  value  cannot  be  estimated  on  the 
same  basis  as  commercial  fertilizers  that  contain  no  humus- 
forming  materials.  Farm  manures  are  valuable,  not  only 
for  the  plant  food  which  they  contain,  but  they  are  also 
valuable  because  they  change  the  inert  plant  food  of  the  soil 
into  more  available  forms.  Farm  manures,  by  forming 
humates,  take  a  very  important  part  in  imparting  fertility. 

Preparing  the  Humates. — The  humates  were  prepared 
in  the  following  general  way:  A  weighed  quantity  of  soil 
was  mixed  with  a  weighed  quantity  of  green  clover,  then 
placed  in  a  box  and  allowed  to  ferment  and  undergo  humus 
formation  for  a  year.  The  material  in  the  box  was  pro- 
tected from  mechanical  losses  and  leaching.  The  soil  was 
practically  free  from  humus.  Analyses  were  made  of  both 
the  soil,  and  the  material  used  for  humus  production.  After 
the  humification  process  had  been  carried  on  for  a  year  the 
material  was  weighed  and  analyzed.  From  the  weight  and 
composition  of  the  materials,  both  before  and  after  the  pro- 
cess, the  amounts  of  potash  and  phosphoric  acid  in  the  form 
of  humates  were  determined.  In  many  cases  the  humus  pro- 
duced contained  more  phosphoric  acid  and  potash  than  was 
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originally  present  in  the  hunms-forming  material,  plainly 
indicating  that  some  of  the  phosphoric  acid  and  potash  of 
the  soil  had  united  with  the  humus. 

Description  of  Soil  Used  in  the  Experiments. — The  soil 
used  in  these  experiments  contained  only  .06  of  a  per  cent  of 
humus.  It  was  obtained  at  a  depth  of  about  20  feet  from 
the  surface  of  the  ground  from  an  excavation  that  had  been 
made  for  a  building.  The  soil  was  composed  of  about  40 
per  cent  of  fine  and  very  fine  sand,  50  per  cent  of  silt,  mostly 
fine  silt,  and  nearly  10  per  cent  of  clay-like  particles.  The 
soil  contained  0.52  per  cent  potash,  0.26  per  cent  phosphoric 
acid,  and  0.90  per  cent  lime.  The  soil  was  in  a  good  mechan- 
ical condition,  and  was  very  similar  to  many  of  the  prairie 
subsoils  of  the  state,  commonly  spoken  of  as  clay  subsoils. 
Although  the  amount  of  plant  food  present  in  this  soil  was 
high,  the  soil  produced  only  a  few  sickly  plants.  The  soil 
was  what  might  be  termed  of  good  mechanical  structure, 
and  rich  in  total  plant  food,  but  not  present  in  available 
forms.  Various  humus-forming  materials,  as  cow  manure, 
green  clover,  sawdust,  meat  scraps,  straw,  sugar,  flour,  etc. 
were  used  to  determine  to  what  extent  a  chemical  union 
with  this  inert  phosphoric  acid  and  potash  of  the  soil  could 
be  effected.    These  experiments  are  given  in  detail. 

Experiment  No.  1,  Humus  firom  Cow  Manure.— Six  pounds 

of  soil   (2718   grams)   and  1  pound  of  fresh  cow  manure 

were  thoroughly  mixed  and  placed  in  a  box.    The  box  was 

tight  to  prevent  drainage,  and  the  cover  was  so  constructed 

as  to  admit  air  and  at  the  same  time  keep  out  foreign  mater- 
ial.   The  box  containing  the  soil  and  manure .  was  placed  in 

the  ground  so  that  the  top  was  just  a  little  above  the  sur- 
face of  the  ground.  The  box  was  left  in  the  soil  from  Aug. 
2, 1895,  to  Aug.  2,  1896.  At  the  end  of  the  year  the  soil 
and  manure  weighed  about  6^  pounds  (2818  grams  dry 
matter.) 

The  following  table  gives  the  composition  of  the  original 
soil,  the  manure  and  the  final  product  of  soil  and  manure: 
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TABLB  NO.  lU. 


Original  Soil. 


Manure. 


Pinal  Prodnct 
Soil  and  Mannrr. 


Total  Nitrogen 

Hnmic  Phuspfaoric  Acid 

Hnmic  Potash 

Humus 


Per  Cent. 
.02 
.01 
.006 
.06 


Per  Cent. 


.057 
.045 
.58 


All  of  the  phosphoric  ax:id  and  potash  of  the  manure  are 
considered  as  hnmus-forming  materials.  The  humus  repre- 
sents the  soluble  organic  materials  which  are  extracted  with 
a  two  per  cent  solution  of  ammonia,  after  treating  the  soil 
with  a  dilute  solution  of  hydrochloric  acid.  The  humic  phos- 
phoric acid  and  potash  represent  the  phosphoric  acid  and 
potash  present  in  the  humus  extractive  material.  The  fig- 
ures for  the  humic  phosphoric  acid  and  potash  are  given  as 
percentage  amounts  of  the  total  soil. 

By  multiplying  the  percentage  composition  by  the  total 
weight,  the  total  amount  of  humic  phosphoric  acid  and.  pot- 
ash  are  obtained. 

TABLE  No.  TV, 


Original 
Soil 
and  Manure. 
Grams. 


Pinal    product 

of  Soil  and 

Manure. 

Grams. 


Gain. 
Grams. 


Humic  phosphoric  acid. 
Humic  potash 


.46 
.21 


In  this  experiment,  one  pound  of  fresh  cow  manure  act- 
ing on  six  pounds  of  soil  has  resulted  in  changing  nearly  half 
a  gram  of  phosphoric  acid  and  a  fourth  of  a  gram  of  potash 
from  mineral  to  humate  forms.  This  is  equivalent  to  a  gain 
of  over  55  per  cent  of  phosphoric  acid  and  50  per  cent  of 
potash.  At  the  same  rate  a  ton  of  manure  would  combine 
with  about  2.2  pounds  of  the  inert  phosphoric  acid  of  the 
soil  in  one  year. 

The  humus  materials   obtained  with   a   dilute  potash 
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solution  were  subjected  to  a  combustion  analysis,  and  were 
found  *to  have  the  following  ultimate  composition,  calcu- 
lated on  the  basis  of  the  ash  free  material: 

Per  cent. 

Carbon 41.9S 

Hydrogen 6.26- 

Nitrogen 6.16 

Oxygen 45.63 

Total 100.00 

In  a  similar  experiment,  reported  in  bulletin  No.  41, 
when  a  hundred  pounds  of  soil  and  twenty  pounds  of  manure 
were  allowed  to  undergo  fermentation  for  one  year,  the 
gains  were  as  follows: 

TABLE  HO.  y. 


• 

Total  Hnmatet 

in  Soil 

Orifi^lnally. 

Total  Hnmates  in 

Soil,  After  12 
Months,  Less  Hn- 
mates  of  Manure. 

Gain. 

Potatli •... 

Grams. 
7.25 
7.84 
2.44 
.35 
2.e6 

•ii.e7 

Grams. 

e.l4 
10.11 

4.13 
.54 

4.64 

i3.ee 

Grams. 

i.se 

Soda 

2.27 

Iron 

i.6e 

Mamiesia 

.le 

Alntninla -.■ 

1.68 

Phosnlioric  AnfaTdrid 

2.02 

The  gain  in  phosphoric  acid  was  equivalent  to  seventeen: 
per  cent,  and  of  potash  to  twenty-six  per  cent  of  the  origi- 
nal amounts  present  in  the  soil  in  humic  forms. 

Experiment  No,  2,  Humus  from  Green  Clover. — In  this 
experiment,  twenty  pounds  of  soil  (9060  grams)  and  a  pound 
and  a  half  of  fine  cut  clover  (227  grams,  dry  matter)  were 
used.  The  box  containing  the  mixed  soil  and  clover  was 
placed  near  the  box  in  the  first  experiment.  At  the  end  of 
the  year  the  box  contained  9137  grams  of  dry  matter.  The* 
green  clover  underwent  very  rapid  fermentation;  at  the  end 
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of  the  year  the  227  grains  of  dry  matter  decreased  to  IT 
grams,  a  loss  of  70  per  cent. 


TABLE  No.  V7. 


Original 
Soil. 


Clover. 


Soil  and 
Clover. 


Total  Nitrogen.... 
Hnmic  phoi.  .acid 
Hnmic  potash  .... 
Hnmns 


Per  Cent. 
.02 
.01 
.006 
.06 


Per  Cent. 
3.01 
1.02 
2.08 


Per  Cent. 
.088 
.041 
.064 
.37 


The  grams  of  humic  phosphoric  acid  and  potash  obtained* 
by  multiplying  the  weight  by  the  percentage  composition,., 
are  as  follows: 


• 

TABLE  No.  VII. 

* 

Orisrinal  Soil 
and  clover, 
Grams. 

Final  Pro- 
duct of 
Clover,  and 
Soil,  Grams. 

Gain. 
Grams. 

Hamic  phosphoric  acid 

3.21 
5.26 

3.74 
4.93 

.53 

Hnmic  potash 

.33  (loss) 

In  this  experiment  the  pound  and  a  half  of  green  clover- 
acting  on  twenty  pounds  of  soil  have  changed  about  half  of  a 
gram  of  the  more  inert  soil's  phosphoric  acid  into  the  more 
valuable  humic  forms.  At  the  same  rate  one  ton  of  green 
clover  would  change  1.5  pounds  of  phosphoric  acid  to  humic 
forms.  The  experiment  shows  a  loss  of  potash.  The  green 
clover  was  very  rich  in  potash,  and  thehumus  that  was  formed 
was  not  able  to  hold  in  chemical  combination  all  of  the  pot- 
ash originally  present  in  the  plant.  The  fermentation  of  the 
green  clover  had  been  very  rapid  and  quite  complete;  it  had 
probably  been  carried  beyond  the  point  of  humic  production  i 
and  had  reached  the  point  of  humic  decom^QsitiQn... 
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The  ultimate  composition  of  the  green  clover  hnmus  was 
as  follows: 

Per  cent. 

Carbon 54.22 

Hydrogen 3.40 

Nitrogen 8.24 

Oxj'gen 34.14 

Total 100.00 

Green  clover  gives  a  very  concentrated  humus,  rich  in 
nitrogen,  phosphoric  acid  and  other  elements  of  plant  food. 
With  the  exception  of  the  meat  scraps,  the  green  clover  pro- 
duced a  humus  the  richest  in  nitrogen  of  any  of  the  organic 
materials  used  in  these  experiments. 

Experiment  No.  3,  Humus-  from  Meat  Scraps. — ^Seven 
pounds  of  soil  (3175  grams)  and  about  5  ounces  (150  grams) 
of  meat  scraps  were  thoroughly  mixed,  placed  in  a  box,  as 
in  the  preceding  experiments,  and  exposed  for  one  year, when 
the  contents  of  the  box  weighed  3270  grams.  The  com- 
position of  the  soil,  of  the  meat,  and  of  the  final  product  of 
soil  and  meat  are  all  given  in  the  following  table: 

TABLE  No.  vin. 


Original 
Soil. 


Pinal  Product  of 
Soil  and  Meat. 


Total  Nitrogen 

Humic  phosphoric  add 

Hnmic  potash 

Hnnins 


.02 

4.10 

.01 

.50 

.006 

.04 

.06 

.036 
.Oil 
.31 


TABU  No.  IX. 

Total  amonnts  in  Grams  in : 


Original 
Soil  and 
i      meat. 


Pinal   Product  of   ' 
Soil  and  Meat 

Scraps.  I 


Gain. 


Hnmic  phosphoric  acid . 
Hnmic  potash 


1.07 
.25 


1.18 
.36 


.12 
.11 
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In  this  experiment.the  five  ounces  of  meat  scraps,  acting 
on  twenty  pounds  of  soil,  changed  about  a  tenth  of  a  gram 
of  both  phosphoric  acid  and  potash  into  humic  forms,  which 
is  a  gain  of  about  ten  per  cent  of  phosphoric  acid  and  thirty 
per  cent  of  potash.  The  humus  produced  by  the  meat  scraps 
was  very  concentrated,  being  particularly  rich  in  nitrogen, 
as  the  following  proximate  analysis  will  show:   . 

Per  cent. 

Carbon 48.77 

Hydrogen 4.30 

Nitrogen 10.96 

Oxygen 35.97 


Total 100.00 

Experiment  No.  4.  Humus  Produced  by  Flour, — In  this 
experiment  about  six  pounds  of  soil  (2720  grams)  and  225 
grams  of  flour  were  used.  The  flour  and  soil,  after  mixing, 
were  placed  in  a  box  and  were  allowed  to  ferment  for  one 
year,  when  the  final  product  weighed  2845  grams.  The  com- 
position of  the  flour,  of  the  soil,  and  of  the  final  product  o^ 
soil  and  flour,  as  well  as  the  total  amounts  in  grams,  are  all 
given  in  tabular  form. 

TABLE  NO.  Z. 


Total  Nitrogen 

Humic  phosphoric  acid . 

Htxmic  potash 

Humus 


Per  Cent. 

Per  Cent. 

.02 

1.70 

.01 

.15 

.006 

.07 

.06 

Final  Product 

of  Soil 

and  Flour. 

Per  Cent. 
.094 
.025 
.017 
.47 


TABLE  No.  XL 


I   Original  Soil     Pinal  Product 
and  Flour  of  Soil  and 

I  Flour, 


Gain 


Humic  phosphoric  acid. 
Humic  potash 


Grams. 
.61 
.32 


Grams. 
.71 
.48 


Grams. 
.12 
.14 
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The  humus  produced  by  the  fiour  had  the  following  ulti- 
mate composition: 

Per  Cent. 

Carbon 51.02 

Hydrogen 3.82 

Nitrogen 5.02 

•Oxygen 40.14 


Total 100.00 

This  experiment  indicates  that  flour  produces  a  humus 
with  a  fair  amount  of  nitrogen,  and  that  in  the  production 
of  the  humus,  half  a  pound  of  flour,  acting  on  the  six  pounds 
of  soil,  has  changed  over  a  tenth  of  a  gram  of  both  phos- 
phoric acid  and  potash  into  humic  forms. 

Experiment  No.  5.  Humus  from  ^spara^n.— Asparagin 
was  taken  as  a  type  of  an  amide  compound.  Seven  pounds 
of  soil  (3175  grams)  and  about  Vs  of  an  ounce  of  asparagin 
(10  grams)  were  mixed,  placed  in  a  box,  and  allowed  to  act 
for  one  year.  From  the  analysis  there  was  no  evidence  that 
the  asparagin  had  entered  into  humic  forms  or  had  caused 
any  change  in  the  forms  of  the  soil  potash  and  phosphoric 
^cid.  • 

Experiment  No.  6.  Humus  from  Oat  Straw.— Tifteen 
pounds  of  soil  (6,777  grams)  and  five  ounces  of  fine  cut  oat 
straw  were  carefully  mixed,  and  placed  in  a  box,  as  in  the 
other  humus  culture  experiments  and  left  for  one  year.  At 
the  end  of  the  j'ear  the  pieces  of  straw  did  not  appear  to  have 
undergone  any  fermentation  changes.  The  mixed  straw  and 
«oil  weighed  finally  6,875  grams.  The  composition  of  the 
soil,  of  the  straw  and  of  the  final  product  of  soil  and  straw 
was  as  follows: 

TABLE  No.  XII. 


Pinal  Product  of 
Soil  and  Straw. 


Total  Nitrogen 

II nmic  phosphoric  acid. 

Humic  potash 

Humus 


Per  cent. 
.02 
.01 
.006 
.06 


Per  cent. 
.50 
.22 
.90 


Per  cent. 
.031 
.015 
.035 
.46 


i 
1 

i 

1 

1                                                                                                                                                                                                                                                     • 
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• 

Original  Soil 
aad   Straw.. 
Grams. 

Pinal  Prodact  of 

Soil  and  Straw. 

Grams. 

'Humic  Dhoaohoric  acid 

1.02 
2.42 

• 

1.03 

^ttmic  Dotash 

2.41 

In  this  experiment  there  was  evidently  no  combination 
•of  the  potash  and  phosphoric  acid  of  the  soil  with  the  hiimus 
formed  from  the  straw.  The  straw  was  very  slow  in  fer- 
-.menting  and  although  capable  of  forming  humus ,  the  humus 
that  was  produced  did  not  combine  ^with  the  phosphoric 
acid  and  potash  of  the  soil;  this  is  probably  due  to  the  slow 
-rotting  of  the  straw.  If  a  longer  time  h^d  been  allowed  for 
•decomposition  the  results  might  have  been  more  favorable. 
"Straw  is  capable  of  forming  humus  but  the  humus  produced 
was  poorer  in  nitrogen  than  the  humus  formed  by  manure, 
:green  clover,  or  meat  scraps,  but  it  is  a  richer  humus  than 
that  formed  from  sawdust,  starch  or  sugar. 

The  humus  from  oat  straw  was  found  to  have  the  fol- 
lowing ultimate  composition: 


Percent. 


Carbon 54.30 

Hydrogen 2.48 

Nitrogen 2.50 

•Oxygen 40.72 

Experiment  No.  7.  Humus  from  Sawdust. — Inasmuch 
as  sawdust  is  so  frequently  used  as  an  absorbent  in  stables, 
it  was  thought  best  to  include  it  as  one  of  the  materials  in 
this  test  of  humus-forming  substances.  Ten  pounds  of  soil 
(4530  grams)  and  half  a  pound  of  sawdust  were  mixed, 
placed  in  a  tight  box  and  left  for  a  year  to  ferment.  At  the 
-end  of  the  year  the  sawdust  appeared  in  nearly  the  same 
physical  condition  as  at  the  beginning.  The  final  weight  of 
i:he  sawdust  and  soil  was  4705  grams.  The  composition, 
-and  final  amounts  are  given  in  the  following  tables: 
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EIGHTH  EXPERIMENT. 


TABLE  No.  XIY. 


Final  Product 
Soil  and  Sawdnst. 


Total  Nitrogen 

Humic  phosphoric  add 

Hnmic  Potash 

Hnmus 


Per  cent. 

Per  cent. 

.02 

.09 

.01 

.16 

.006 

.21 

.06 

Per  cent. 
.023 
.018 
.014 
.S9 


TABLE  NO.  XY. 


Soil  aAd 
Sawdust. 


Pinal  Product 
Soil  and 
Sawdnst. 


Hnmic  phosphoric  acid. 
Humic  potash 


Grams. 
.79 
.64 


Grams. 
.85 
.66 


In  this  experiment  the  gains  are  too  small  to  consider^ 
being  less  than  duplicate  analysis  of  the  same  sample  would 
show,  except  possibly  in  the  case  of  the  phosphoric  acid. 
The  analyses  show  that  there  has  been  practically  no  union 
of  the  potash  and  phosphoric  acid  of  the  soil  with  the  humus 
produced  by  the  sawdust.  About  twenty  per  cent  of  the 
sawdust  has  lermented  without  forming  humates,  although 
about  half  a  per  cent  of  humus  has  been  formed.  The  com- 
position of  the  ht|mus  from  the  sawdust  was  found  to  be: 

Per  cent. 

Carbon 49.28 

Hydrogen 3.3a 

Nitrogen 32 

Oxygen 47.07 

Total 100.00 

The  humus  from  sawdust  is  rich  in  carbon,  but  is  very 
poor  in  nitrogen,  phosphoric  acid  and  potash. 

Experiment  No,  8.  Humus  From  Sugar. — Seven  pounds 
of  soil  (3171  grams)  and  halfia  pound  of  sugar  (225  grams) 
were  thoroughly   mixed,  and"  left  in  a  box,    for  one  year* 
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At  the  end  of  the  year  there  was  but  little  of  the  sugar 
that  remained;  the  soil    and   sugar  weighed  3220  grams. 


TABLE  KO.  XVI. 


CompoBltion 
of  the  Soil. 


Sugar. 


Pinal  Prodnct 

of  Soil  aod 

Su£:ar. 


Total  Nitrogen 

Hnraic  phosphoric  acid 

Hnmic  potash 

Hnmus 


.02 
.01 
.006 
.06 


.018 
.01 
.005 
.32 


The  final  composition  of  the  soil  and  3ugar  is  nearly  the 
same  as  the  composition  of  the  original  soil,  the  differences 
being  less  than  the  usual  errors  of  chemical  analysis.  There 
is  no  evidence  that  the  sugar,  in  its  fermentation  is  capable 
of  uniting  with  the  potash  and  phosphoric  acid  of  the  soil, 
and  producing  humates. 

The  humus  formed  from  sugar  contained  only  a  trace  of 
nitrogen,  which  probably  came  from  the  small  amount  of 
nitrogen  and  humus  in  the  soil,  but  the  sugar  humus  was  rich 
in  carbon,  as  shown  by  the  following  ultimate  analysis: 

Per  Cent. 

Carbon 57.84 

Hydrogen •     3.04 

Nitrogen 08 

Oxygen 39.04 

Total... 100.00 

Variations  in  the  Composition  of  Humus. — There  is  a 
marked  variation  in  the  composition  of  the  humus  produced 
from  the  different  kinds  of  organic  materials.  The  straw, 
sawdust  and  sugar  each  vielded  a  humus  characteristically 
rich  in  carbon  and  poor  in  nitrogen.  The  humus  from  these 
materials  did  not  exhibit  any  marked  tendency  or  power  to 
unite  with  the  potash  and  phosphoric  acid  of  the  soil  to  form 
humates.  On  the  other  hand,  materials  like  cow  manure, 
green  clover  and  meat  scraps,  substances  which  are  rich  in 
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CHART. 


Cow  Manure  Humua. 


geiLHKitrogoxL 
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nitrogen,  produce  a  more  valuable  humus  which  is  rich  in  ni- 
trogen, phosphoric  acid  and  potash,  and  the  humus  which  is 
produced  is  able  to  combine  with  the  potash  and  phosphoric 
acid  of  the  soil  to  form  humates.  There  may,  however,  be  a 
great  difference  in  the  power  which  soils  possess  to  form  hu- 
mates. The  variations  in  the  composition  of  humus  pro- 
duced by  different  organic  substances  are  best  observed  when 
the  analyses  are  arranged  in  tabular  form. 

TABLE  No.  XVII.— HamiiB  Produced  by— 


Cow 
Manure. 

Green 
Clover. 

Meat 
Scraps. 

Wheat 
Flour. 

Oat 
Straw. 

Saw- 
dust. 

Sugar. 

Carbon 

41.95 

04.22 

48.77 

51.02 

54.30 

49.28 

57.84 

HydrofiTcn.... 

6.26 

3.40 

4.30 

3.82 

2.48 

3.38 

3.04 

Nitros^en 

6.16 

8.24 

10.96 

5.02 

2.50 

.32 

.08 

Oxygen 

46.63 

34.14 

35.97 

40.14 

40.72 

47.07 

39.04 

Total 

100. 

100. 

100. 

100. 

100. 

100. 

100. 

TABLE  No.  ZYIII. 


Highest. 


Lowest. 


Difference. 


Carbon.... 
Hydrogen 
Nitrogen.. 
Oxygen.... 


57.84  Sugar 

6.26  Cow  manure. 

10.96  Meat  scraps. 

47.07  Sawdust. 


41.95  Cow  manure. 

2.48  Oat  straw. 

0.08  Sugar. 

84.14  Green  clover. 


15.89 

3.78 

10.88 

12.93 


The  differences  in  composition  are  no^eable.  .  T^e  hu- 
mus produced  by  each  material  as  greeri  clover,  oat  straw 
or  sawdust  is  different  trom  the  humtls  5)ito0iiced  by  every 
other  material.  The  humus  from  a  material  as  green  clover 
is  undoubtedly  very  complex  in  nature*  Inasmuch  as  the 
green  clover  contains  both  nitrogenous  and  non-nitrogenous 
compounds,  and  as  each  class  of  compounds  has  a  different 
action  in  humification  processes,  it  follows  that  the  humus 
from  the  green  clover  must  be  a  mixture  of  both  nitrogenous 
and  non-nitrogenous  humic  products. 

The  nature  of  the  humus,  whether  nitrogenous  or  non- 
nitrogenous,  is  important.  The  humus  produced  from  saw- 
dust and  meat  scraps  maybe  taken  as  an  example. 
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HUMUS  COMPOUNDS. 


In  the  soil  containing  the  sawdust,  .59  per  cent  of  humus 
was  produced,  while  the  meat  scraps  produced  .31  per  cent 
humus.  The  sawdust  produced  a  larger  quantity  of  humus 
than  the  meat  scraps.  The  humus  from  the  sawdust  con- 
tained .31  per  cent  of  nitrogen,  while  the  humus  from  the 
meat  scraps  contained  10.96  per  cent  nitrogen.  The  saw- 
dust produced  a  larger  quantity  of  humus  poor  in  nitrogen, 
while  the  meat  scraps  produced  a  smaller  amount  of  humus 
rich  in  nitrogen. 

ClassWcation  of  Humus  Compounds. — There  appears  to 
have  been  no  classification  of  the  humus  compounds  pro- 
posed since  the  classification  of  Mulder,  in  1840,  into  humin, 
ulmin,  humic,  ulmic,  crenic  and  approcrenic  acids,  as  follows: 

TABLE  No.  ZIZ 


Ulmln  and 
Ulmic  acid. 


Humin  and 
Hnmic  add. 


Crenic 
acid. 


Approcrenic 
acid. 


Carbon.... 
Hydrogen 
Oxygen.... 
Nitrogen.. 


Per  cent. 
67.1 

4.2 
28.7 

0.0 


Per  cent. 
64.4 
4.3 
81.3 


Per  cent. 
44.0 

6.5 
46.6 

3.9 


Per  cent. 
34.4 

3.S 
39.1 

3.0 


Humic  and  ulmic  acids  are  given  as  containing  no  nitro- 
gen, while  crenic  and  approcrenic  acids  are  given  as  contain- 
ing 3.9  and  3.0  per  cent,  respectively  of  nitrogen.  None  of  the 
humus  compounds  in  these  culture  experiments  have  the 
same  composition  as  those  given  by  Mulder.  The  sawdust 
and  sugar  approach  in  composition  the  nearest  to  the  humic 
and  ulmic  acid  formulas,  while  oat  straw  comes  the  nearest 
to  crenic  and  approcrenic  acids.  The  differences  are,  how- 
ever, great. 

It  would  seem  best,  in  the  present  state  of  our  know- 
ledge of  the  humus  compounds,  to  make  the  division  on  the 
basis  of  the  nitrogen  content,  that  is  divide  the  humus  com- 
pounds into  classes  as  follows: 

1.  Non-nitrogenous  group,  as  sugar  humus. 

2.  Humus  containing  1  to  2  per  cent  nitrogen  as  saw- 
dust humus. 
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3.  Htinius  containing  2  to  4  per  cent  nitrogen  as  oat 
straw  humus. 

4.  Hnmus  containing  4  to  8  per  cent  nitrogen  as  flonr, 
and  cow  manure.  ' 

5.  Humus  containing  over  8  or  9  per  cent  nitrogen. 
Such  a  division  would  give  an  approximate  idea  as  to 

the  nature  of  the  material  from  which  the  humus  has  been 
produced  y  as  well  as  an  approximate  idea  of  its  agricultural 
value.  As  ordinarily  used  the  term  humus  is  a  very  indefi- 
nite one,  as  far  as  conveying  any  idea  of  the  chemical  com- 
position or  agricultural  value  of  the  compounds  for  which 
it  stands. 

The  humate  compounds  do  not  form  well  defined  crys- 
tallized bodies  and  it  is  almost  impossible  to  obtain  any  one 
of  these  compounds  in  a  pure  state  to  study  the  structural 
composition. 

Composition  of  Humus  Obtained  from  Old  and  New 
Soils. — A  prairie  soil  that  had  never  been  under  cultivation 
contained  5.30  per  cent  humus.  A  sample  of  similar  soil 
from  an  adjoining  field  that  had  been  continuously  cultivated 
for  several  years  to  small  grains,  contained  3.38  per  cent  hu^ 
mus.  The  humus  from  each  soil  when  subjected  to  an  ulti- 
mate analysis  gave  the  following  results: 

TABLE  No.  XX. 


Htimns  from 
n«w  SoU. 


Hvmas  from 
old  Soil. 


Carbon.... 
Hydro^ren 
Oxygen.... 
Nitrogen.. 
Ash 


Per  cent. 

44.12 
6.00 

86.16 
8.12 
6.60 


Percent. 

60.10 
4.80 

33.66 
6.50 
4.90 


These  results  show  the  extent  to  which  the  humus  is 
changed  when  new  land  is  brought  under  cultivation.  In 
the  long-cultivated  soil  the  humus  contains  more  carbon  and 
holds  less  nitrogen  and  mineral  matter  in  chemical  combina- 
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tion  than  in  the  new  soil.  In  the  ten  3'ears*  cultivation  the 
humus  has  materially  changed  in  composition,  it  has  been 
converted  into  a  less  active  state,  and  contains  a  larger  pro- 
portion of  carbon,  due  to  the  more  rapid  oxidation  of  the 
nitrogen  and  hydrogen  and  to  the  slower  oxidation  of  the 
carbon. 

InHuence  of  Different  Methods  of  Farming'  Upon  the- 
Humus  Content  of  the  Soil, — The  general  system  of  farm- 
ing that  is  followed  has  a  direct  influence  upon  the  amount 
of  humus  in  the  soil.  Similar  soils  from  the  same  and  from 
adjoining  farms  that  have  been  cropped  differently,  show  im- 
portant differences,  not  only  in  the  amount  of  humus  pres- 
ent, but  in  the  per  cent  of  nitrogen,  and  the  amount  of  phos- 
phoric acid  combined  with  the  humus.  These  differences  are 
given  in  the  following  table: 

T  ABLB  Ko-  XXI.— Inftitnoe  of  Different  Bystemff  of  F&rmins  upon  tlie  OhemioaL 

and  Pliyilo&l  Propertlee  of  SoUs. 


Character  of  Soil. 


Weight 

per 
cti.  foot 


Hnmtit 


Nitro- 
gen. 


Phosphoric 
acid  com- 
bined with 
Hnmus. 


Water 

holding  ca< 

paci^. 


1  Cnltivated  36  years;  rotation  ot 

crops  and  manure;  high  state 
of  prodnctiveness 

2  Originally  same  as  1;  continous 

grain  cropping  for  35  years; 
low  state  of  prodnctiveness... 

3  Cultivated  42  years;  systemat- 

ic rotation  and  manure;  good 
state  of  product!  Teness 

4  Originally  same  as  H;  cultivated 

36  years;  no  systematic  rota- 
tion or  manure;  medium  state 
of  productiveness 


lbs. 

percent 

percent 

percent. 

70 

• 

3.32 

.30 

.04 

72 

1.80 

.16 

.01 

70 

3.46 

.26 

.03 

67 

246 

.21 

.03 

per  cent. 


48 


39 


59 


57 


[Reported  in  Year  Book  U.  8.  Dept.  Agr.  1896.] 

Soils  Nos.  1  and  2  are  from  two  adjoining  farms,  and 
originally  had  practically  the  same  crop-producing  power, 
No.  1  has  received  regular  and  liberal  dressings  of  manure, 
and  has  produced  wheat,  com,  oats,  timothy  and  clover  in 
rotation.  There  has  been  no  apparent  decline  in  fertility. 
No.  2  has  been  under  continuous  grain  cultivation  and  has 
never  received  any  farm  manure  or  other  humus-forming  ma- 
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terials.  During  the  first  few  years  heavy  crops  of  wheat  were 
raised,  but  durhig  the  past  few  years  the  yield  has  been  very 
low,  especially  in  dry  seasons.  ^  The  land  has  been  reduced  in 
wheat  producing  power  from  25  to  8  bushels  per  acre. 

The  main  difference  between  the  two  soils  at  the  present 
time  is  in  the  amount  of  humus,  nitrogen  and  humic  phos- 
phoric acid. 

Soils  Nos.  3  and  4  are  from  the  same  farm.  No.  3  has 
been  cropped  forty-two  years,  timothy  and  clover,  wheat, 
oats  and  com  having  been  raised  in  rotation.  Every  five 
years  the  land  has  received  10  tons  of  stable  manure  per 
acre.  No.  4  has  been  cropped  onl>  thirty-five  years,  produc- 
ing mainly  wheat,  oats  and  com,  with  an  occasional  crop 
of  timothy.  It  has  not  been  cropped  continuously  to  one 
crop,  neither  has  it  been  under  a  regular  system  of  rotation. 
The  soil  which  has  been  cropped  forty-two  years  shows  more 
humus  and  nitrogen  than  the  one  which  has  been  cropped 
thirty-five  years. 

Destruction  oi  Humus  by  Forest  Fires, — The  losses  of 
humus  and  nitrogen  by  forest  fires  are  frequently  very  heavy. 
When  the  soil  is  of  a  sandy  nature,  and  the  fire  is  severe, 
from  50  to  75  per  cent  of  both  nitrogen  and  humus  may  be 
destroyed.  A  sample  of  soil.  No.  228,  taken  near  Hinckley 
in  1893,  (the  analysis  of  this  soil  is  reported  in  bulletin  No. 
30,  page  182,)  a  year  prior  to  the  great  forest  fire  of  1894, 
showed  1.69  per  cent  humus,  and  .12  per  cent  nitrogen. 
After  the  forest  fire,  a  similar  sample  from  the  same  field 
showed  .41  per  cent  humus  and  .03  per  cent  nitrogen.  The 
loss  of  nitrogen  from  this  soil  amounted  to  2500  pounds  per 
acre. 

Another  sample  of  soil.  No.  418,  from  Staples,  Todd 
county  contained  1.52  per  cent  humus  and  .12  per  cent  nitro- 
gen. A  similar  soil  from  an  adjoining  field.  No.  424,  that 
had  been  burned  over  and  left  as  waste  land,  contained  .47 
per  cent  humus  .04  per  cent  nitrogen. 

The  ejLcessive  losses  of  nitrogen  and  humus,  caused  by 
forest  fires,  greatly  decrease  the  agricultural  value  of  the 
land.    While  it  is  true  that  good  crops  maybe  obtained  from 
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such  lands  for  two  or  three  years,  due  to  the  ashes  that  have 
been  formed,  the  soils  soon  show  signs  of  nitrogen  hunger, 
and  become  unproductive.'  The  loss  of  nitrogen  and  humus 
is  more  severely  felt  on  the  sandy  soils,  than  on  the  clay  soils. 
In  the  forest  soils  there  is  not  an  over  abundance  of  nitrogen, 
and  if  75  per  cent  is  destroyed  by  a  forekt  fire  *it  leaves  the 
soil  in  a  poor  condition  as  to  nitrogen.  ^ 

Prairie  fires  have  not  been  so  destructive  upon  the  humus 
as  the  forest  fires,  because  the  burning  has  been  confined 
more  to  the  surface.  An  average  prairie  fire  wiU,  however, 
remove  more  nitrogen  fi-om  the  soil  than  five  ordinary  crops 
of  wheat. 

In  the  clearing  of.  new  land,  particularly  forest  land, 
there  is  frequently  an  unnecessary  destruction  of  humus 
forming  materials.  Instead  of  burning  all  of  the  vegetable 
matter  it  would  be  better  economy  to  leave  some  in  piles  for 
spreading  at  a  future  time.  By  this  means  the  soil  would 
be  kept  in  better  condition  for  a  longer  time. 

Soils  in  Need  of  Humus. — Soils  that  are  the  most  in  need 
of  humus  are  the  sandy  and  sandy  loam  soils  that  have  been 
cultivated  for  a  number  of  years  to  corn,  potatoes  and  small 
grains,  without  the  use  of  stable  manures  or  the  proper  ro- 
tation of  crops.  There  are  many  soils  ©f  the  state  that 
could  be  improved  by  the  addition  of  humus  materials.  A 
clay  soil,  as  a  rule,  does  not  stand  in  need  of  humus  so  much 
as  a  loam  soil  or  a  sandy  soil.  Alkali  soils  are  usually  de- 
ficient in  humus.  The  addition  of  humus  materials  to  a 
loam  or  sandy  soil  is  beneficial  in  preventing  the  soil  from 
"drifting"  during  heavy  wind  storms,  because  humus  binds 
the  soil  particles  together  more  firmly.  There  are  but  few 
soils,  under  ordinary  cultivation,  to  which  it  is  not  safe  to 
add  humus-forming  materials. 

Soils  Not  in  Immediate  need  of  Humus. — Ordinary  prairie 
soils,  for  the  first  ten  years  after  breaking,  are  usually  well 
supplied  with  humus.  Swampy,  peaty,  and  muck  soils  con- 
tain large  amounts  of  humus.  If  the  soil  is  sour  to  the 
taste,  the  humic  acid  may  be  neutralized  by  a  dressing  of 
lime  or  wood  ashes.  Soils  from  poorly  drained  places  fre- 
quently contain  sour  humus.    Very  frequently,  muck  soils 
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are  deposited  oyer  marl  beds.  Marl,  which  is  a  mixture  of 
limestone  and  clay,  may  be  used  as  atop  dressing  for  the 
muck  soils.  There  is  but  little  danger,  howerer,  from  the 
formation  of  sour  humus  in  the  soils  of  this  state,  because, 
as  a  rule,  the  soils  are  well  supplied  with  lime,  which  com- 
bines with  the  humus  and  prevents  the  formation  of  the  sour 
humus. 

It  is  not  advisable  to  bum  over  low  peaty  places.  A  soil 
containing  as  high  as  seventy  per  cent  of  vegetable  matter 
may  be  brought  under  cultivation  and  converted  into 
meadow  land.  A  soil  containing  about  fifty  per  cent  of 
vegetable  matter  may  be  converted  into  what  is  generally 
termed  a  permanent  meadow.  Soils  of  this  type  have  pro- 
duced hay  for  forty  years  without  any  decline  in  crop  pro- 
ducing power. 

While  hiimus  is  a  very  important  factor  in  imparting  fer- 
tility to  a  soil,  it  must  be  remembered  that  it  is  possible  to 
go  to  the  other  extreme  and  have  too  much  humus  in  the 
soil  or  to  get  the  humus  in  the  undesirable  form  of  sour 
mould. 

In  localities  where  the  rainfall  is  evenly  distributed  dur- 
ing the  year,  the  necessity  for  maintaining  the  humus  is  not 
so  severely  felt  as  in  localities  where  the  rainfall  is  not  so 
evenly  distributed.  As  pointed  out  in  former  bulletins  the 
humus  takes  an  important  part  in  aiding  a  soil  to  retain 
water  and  withstand  drought. 

Mineral  Matter  Combined  with  Humus, — As  ordinarily 
obtained  from  the  soil,  humus  contains  a  high  per  cent  of 
mineral  matter.  Not  all  of  the  mineral  matter  extracted 
with  the  humus  is  in  chemical  combination  with  the  humus. 
If  the  humus  solution  is  neutralized  with  an  acid,  a  floculent 
percipitate,  known  as  humic  acid,  is  obtained.  It  seems 
reasonable  to  assume  that  the  mineral  matter  which  is  ob- 
tained from  the  precipitated  humus  material  is  in  combina- 
tion with  the  humus.  If  it  were  not  in  combination  it  would 
have  been  removed  in  either  the  dilute  acid,  alkali  or  the 
waterused  for  washing  the  material  and  it  would  not  have 
been  reprecipitated. 
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TABLE  No.XZII.— Mineral  Matter  Combined  with  the  Humns. 


_ 

Sample  Composed 
of  20  Soils. 

In  Blsrht  Soils. 
(Former  Analyses) 

Silica 

51.76 

12.02 

2.48 

61.97 

Potash 

7.60 

Soda 

8.13 

I.«{xiie 

.09 

Magnesia 

3.26 
6.12 
3.72 
21.66 
1.26 

.36 

Ferric  Oxide „.. 

Alurainia 

Phosphoric  Anhjdrid 

3.12 

3.48 

12.37 

Sialphttric             ••          

Carbonic              '*         '. 

.98 
1.64 

It  appears  that  over  half  of  the  ash  of  the  precipitated 
humus  material  is  silica,  while  over  twelve  per  cent,  and  in 
some  cases  as  high  as  20  per  cent,  is  phosphoric  acid.  The 
potash  content  ranges  from  7.50  to  12  per  cent. 

A  rich  prairie  soil  containing  3.50  per  cent  of  precipitated 
humus  materials,  will  contain  over  100,000  pounds  per  acre 
of  pure  humus.     The  average  per  cent  of  ash  in  the  pure 
humus  is  rarely  less  than  seven.    On  a  basis  of  10  per  ceiit 
there  would  be  10,000  pounds  of  mineral  matter  combinecl 
with  the  humus  of  which  over  12  per  cent  is  phosphoric  acid  \ 
and  over  seven  per  cent  is  potash,  equivalent  to  over  1200     . 
pounds  per  acre  of  humic  phosphoric  acid  and  750  pounds  of 
humic  potash.     Many  soils  contain  even  more  than  these       \ 
amounts. 

After  fifteen  or  twenty  years'  continuous  grain  cultivation 
the  per  cent  of  total  humus  is'  usually  reduced  by  half  and 
the  humic  phosphoric  acid  is  reduced  by  more  than  half. 
While  the  total  amount  of  phosphoric  acid  and  potash  re- 
moved in  the  twenty  grain  crops  has  not  been  large  com- 
pared with  the  total  amount  in  the  soil,  the  amount  com- 
bined  with  the  humus  has  been  materially  reduced.  Twenty 
wheat  crops  averaging  18  bushels  per  acre  will  remove  . 
about  400  pounds  of  phosphoric  acid.    Average  prairie  soil 
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contains  about  8700  pounds  of  phosphoric  acid  per  acre  to 
the  depth  of  one  foot.  When  the  soil  is  first  brought  under 
cultivation,  about  1500  pounds  of  this  8700  are  combined 
with  the  humus.  After  twenty  years*  grain  cultivation,  the 
soil  will  still  contain  over  8000  pounds  per  acre  of  total 
phosphoric  acid,  but  instead  of  1500,  there  is  only  about 
400  pounds  combined  with  the  humus. 

It  seems  reasonable  to  suppose  that  this  change  of  phos- 
phoric acid  from  humic  to  less  soluble  forms  has  been  an  im- 
portant factor  in  making  the  soils  less  productive. 

It  is  not  intended  to  convey  the  idea  that  the  humic 
phosphoric  acid  is  the  only  form  of  phosphoric  acid  that  is 
of  value  to  crops,  because  there  are  soils  that  contain  but 
little  humic  phosphoric  acid  and  3'et  appear  to  be  well  sup- 
plied with  available  phosphoric  acid.  Humic  phosphoric 
acid  is,  however,  one  of  the  most  valualjle  forms  of  available 
phosphoric  acid. 


I 
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SUMMARY  NOTES. 

1.  When  wheat  was  grown  continaously  on  the  same 
plot  there  was  an  annual  loss  of  171  pounds  of  nitrogen  per 
acre.  About  25  pounds  were  removed  by  the  crop  while  146 
pounds  per  acre  were  lost  from  the  soil  by  the  wearing  away 
of  the  humus. 

2.  When  wheat  was  grown  in  a  rotation,  after  clover, 
there  was  a  yield  of  five  bushels  per  acre  more  of  wheat  than 
when  grown  continuously.  When  manure  was  used  and 
clover  was  grown  there  was  a  gain  of  nitrogen,  and  at  the 
same  time  larger  yields  were  obtained.  When  corn  was 
grown  in  a  rotation,  it  yielded  17  bushels  per  acre  more  than 
when  it  was  grown  on  the  same  plot  continuously. 

3.  When  com,  oats,  or  barley  was  grown  continuously 
on  the  same  plot  and  no  manure  used,  there  was  an  annual 
loss  of  fi-om  80  to  200  pounds  of  nitrogen  fi-om  the  soil,  the 
larger  portion  of  which  was  not  carried  away  in  the  crop, 
but  was  lost  by  the  destruction  of  the  htimus.  The  annual 
loss  per  acre  of  humus  when  wheat,  com,  oats  or  barley 
was  grown  continuously  ranged  from  1,500  to  l,800pounds. 

4.  A  loss  of  humus  from  the  soil  has  made  the  soils 
lighter  colored,  caused  them  to  weigh  more  per  cubic  foot 
and  has  reduced  the  power  of  the  soil  to  store  up  water. 

5.  When  summer  fallowing  is  extensively  practiced  the 
yield  of  the  following  crop  is  increased  at  the  expense  of  render- 
ing five  times  more  nitrogen  available  than  is  required  by  the 
crop.  The  available  nitrogen,  if  not  utilized  by  the  crop,  is 
not  stored  up  in  the  soil  but  is  lost. 

6.  Cow  manure,  green  clover  and  meat  scraps  produce 
valuable  forms  of  humus,  rich  in  nitrogen.  The  humus  pro- 
duced is  capable  of  combining  with  the  phosphoric  acid  and 
potash  of  the  soil  to  form  humates. 

7.  Sawdust,  straw  and  carbohydrates,  as  sugar,  pro- 
duce a  humus  rich  in  carbon.    This  humus  ha3  less  power  to 
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combine  with  the  phosphoric  acid  and  potash  of  the  soil,  than 
humus  formed  from  materials  richer  in  nitrogen. 

8.  The  humus  from  soils  which  have  been  cropped  for  a 
scries  of  years  contains  less  nitrogen  and  mineral  matter, 
and  more  carbon  than  the  humus  from  soils  that  have  not 
been  cultivated. 

9.  Forest  fires  may  cause  a  loss  of  75  per  cent  of  the  * 
total  nitrogen  of  tlic  soil.    The  practice  of  burning  over  new 
land  is  sometimes  carried  to  such  an  extent  as  to  injure  the 
permanent  crop  producing  power. 

10.  Soils  which  stand  in  need  of  humus  are  sandy  and 
sandy  loam  soils  which  have  been  cultivated  a  number  of 
years  to  com,  potatoes  and  small  grains,  without  the  use  of 
stable  manures  or  the  proper  rotation  of  crops. 

11.  A  prairie  soil  before  it  is  brought  under  cultivation 
will  contain  about  1,500  pounds  of  phosphoric  acid  and 
about  800  pound',  of  potash  per  acre  combined  with  the  hu- 
mus. After  twenty  years  of  cultivation,  if  the  humus  is  not 
kept  up,. there  will  be  about  400  pounds  of  phosphoric  acid 
combined  with  the  humus. 


Printed  also  as  Balletih  No.  54  of  this  Station. 
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THE  GLUTEN  OF  WHEAT. 


HARRY  SNYDER. 

Nature  of  the  Work, — As  is  well  known,  there  is  a  great 
difference  in  both  the  food  value  and  the  bread  making  quali- 
ties of  flour  made  from  different  grades  of  wheat.  With  the 
object  of  determining,  as  far  as  possible^ the  cause  of  this 
difference  in  food  value  and  bread  making  qualities,  samples 
were  obtained  of  wheat  grown  in  Russia,  India,  Chili,  and 
Argentine  Republic,  as  well  as  of  spring  and  winter  wheat 
grown  in  different  parts  of  the  United  States. 

It  was  found  that  the  main  difference,  in  the  various 
samples,  was  in  the  gluten.  There  was  a  difference,  not  only 
in  the  amount  of  gluten  present,  but  also  in  the  character  of 
the  gluten.  Two  samples  of  flour  containing  the  same 
amounts  of  gluten  frequently  have  entirely  different  bread 
making  qualities,  due  to  the  peculiar  composition  of  the 
gluten.  The  gluten  of  wheat  is  usually  understood  to  be 
that  part  which  remains  after  removing  the  starch  by  wash- 
ing the  flour  or  meal,  after  it  has  been  made  into  a  dough, 
with  cold  water.  In  the  work  reported  in  this  bulletin  the 
gluten  was  obtained  by  chemical  methods. 

Composition  of  Wheat  Gluten. — The  gluten  of  wheat  is 
composed  of  two  parts.  One  of  the  substances  resembles 
gelatine,  and  is  called  gliadin.  It  is  the  gliadin  which  binds 
together  the  flour  particles  to  form  a  dough.  Gliadin  has 
been  called  plant  gelatine.  The  gliadin,  by  binding  together 
the  particles  of  flour,  enables  the  dough  to  retain  the  gas 
and  to  become  light  when  the  bread  is  raised.  A  certain 
amount  of  gliadin,  or  binding  material,  in  a  flour  is  essential; 
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an  excessive  amotmt  may  cat.se  a  flour  to  form  a  soft  sticky 
dough  and  produce  a  poor  quality  of  bread. 

In  addition  to  the  gliadin,  or  binding  material,  gluten 
also  contains  a  substance  called  glutenin,  which  can  be  ob- 
tained in  the  form  of  a  fine  white  powder.  The  glutenin 
''serves  as  a  nucleus  to  which  the  gliadin  adheres,"  and  it 
prevents  the  dough  from  becoming  soft  and  sticky;  that  is, 
the  glutenin  is  the  material  to  which  the  gliadin  attaches  it- 
self. It  is  to  be  observed  that  the  two  bodies  which  com- 
pose the  gluten  of  wheat  when  present  in  the  right  propor- 
tions aid  each  other  in  forming  a  good  gluten  for  bread 
making  purposes. 

As  previously  stated  two  samples  of  wheat  may  contain 
the  same  amount  of  gluten;  the  flour  from  one  of  thewheats 
may  produce  good  bread,  while  the  flour  from  the  other 
wheat  may  produce  bread  of  very  poor  quality.  In  the  first 
wheat  sample,  the  gliadin  and  glutenin  are  present  in  the 
right  proportions  to  form  a  good  gluten,  while  in  the  second 
wheat  the  gliadin  and  glutenin  are  not  present  in  the  right 
proportions, — ^there  is  an  excessive  amount  of  either  gliadin 
or  glutenin.  An  excessive  amount  of  gliadin  and  a  small 
amount  of  glutenin  make  a  soft,  sticky  dough.  An  excessive 
amount  of  glutenin  and  a  small  amount  of  gliadin  prevent 
the  gas  from  being  retained,  and  the  bread  from  becoming 
light. 

The  gluten  of  wheat  constitutes  from  80  to  85  per  cent 
of  the  total  wheat  proteids,  which  are  the  important  muscle 
forming  and  vital  nutrients.  For  food  purposes,  wheat 
should  contain  a  high  per  cent  of  protein.  For  bread  mak- 
ing purposes  the  gluten  should  be  well  balanced,  that  is,  con- 
tain the  right  proportion  of  gliadin  (binding  material)  to 
glutenin.  The  most  valuable  wheats  for  both  food  and 
bread  making  purposes  are  those  rich  in  protein,  of  which 
80  to  85  per  cent  is  gluten,  and  the  gluten  is  composed  of 
about  60  per  cent  gliadin  and  about  40  per  cent  glutenin. 
A  wheat  may  produce  a  good  quality  of  bread  and  at  the 
same  time  the  bread  may  possess  a  relatively  low  value  as 
food  on.  account  of  not  containing,  a  sufllcient  amount  of 
protein.    On  the  other  hand  a  wheat  may  possess  poor 
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bread  making  qualities  and  still  contain  a  high  per  cent  of 
protein.  That  is,  good  bread  making  qualities  in  a  wheat 
are  not  always  indicative  of  high  food  value. 

The  Gluten  from  Different  Types  of  Wheat. — In  the  table, 
the  names  of  the  samples  and  the  sources  from  which  they 
were  obtained  are  first  given.  The  protein  includes  the 
gluten  and  about  20  per  cent  of  other  proteid  bodies  which 
do  not  form  a  part  of  the  gluten.  Gluten  represents  the  sum 
of  the  gliadin  and  glutenin  as  obtained  by  chemical  analysis. 
The  gliadin  was  obtained  by  extracting  the  fine  wheat  meal 
with  70  per  cent  alcohol.  The  glutenin  was  obtained  by  ex- 
tracting the  meal  with  potash  lye  after  first  removing  all 
other  protelds. 

Samples  Nos.  1,  2  and  6  were  grown  on  the  Univer- 
sity farm.  The  other  samples  were  obtained  through 
the  State  Railroad  and  Warehouse  Commission  from  the 
places  indicated.  All  of  the  samples  were  selected  as  being 
the  best  types  which  could  be  obtained. 

Comparisons  from  a  limited  number  of  analyses  are  not 
so  satisfactory  as  comparisons  from  a  large  number,  but  the 
qualities  of  the  various  wheat  samples  bear  out  so  well  the 
properties  of  the  gliadin  and  glutenin  bodies  that  it  is  very 
evident  that  the  qualities  of  the  flour  are  materially  in- 
fluenced by  the  amount  of  gliadin  and  glutenin  present  in 
the  gluten.  This  work  has  been  duplicated  with  flour  from 
different  grades  of  wheat. 

In  samples  Nos.  1  and  2,  which  may  be  taken  as  good 
types  of  northern  grown  hard  spring  wheat,  the  gluten  con- 
tains about  60  per  cent  gliadin  (binding  material)  and  4?0 
per  cent  glutenin  (material  for  the  gliadin  to  adhere  to).  In 
the  so  called  soft  wheat  as  Nos.  6,  9,  and  13,  there  is  from  7 
to  13  per  cent  more  of  gliadin  and  a  correspondingly  less 
amount  of  glutenin.  It  is  to  be  observed  that  in  samples 
Nos.  1,  2  and  6  the  highest  amounts  of  protein  are  found. 
The  Indian  and  Chili  wheats  contain  a  very  low  per  cent  of 
protein,  and  the  gluten  is  of  an  entirely  different  character 
from  that  of  hard  northern  grown  wheat. 

In  samples  Nos.  1  and  4  the  gluten  is  quite  similar  in 
composition;  there  is  about  the  same  ratio  of  gliadin  to 
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glutenin  in  both,  yet  in  sample  No.  1  there  is  nearly  twice  as 
much  gluten  and  other  proteids  as  in  sample  No.  4.  Sample 
No.  11,  from  Argentine  Republic,  is  deBcient  in  gliadin.  In 
frosted  wheat  there  is  more  gliadin  than  in  similar  sound 
wheat.  In  frosted  wheat  a  small  amount  of  glucose  is 
formed,  and  sour  acid  bodies  are  readily  produced  in  the 
flour. 

Testing  the  Quality  of  Wheat  Gluten. — Samples  of  wheat 
or  flour  in  which  there  is  an  excessive  amount  of  gliadin,  or 
the  gluten  is  otherwise  poor,  are  readily  detected  in  the  fol- 
lowing way:  To  an  ounce  of  flour  add  a  suflScient  amount 
of  water  to  form  a  stiff  dough,  after  allowing  an  hour  for 
the  physical  qualities  of  the  gluten  to  develop  place  the 
dough  in  a  small  linen  or  fine  cotton  bag,  work  the  mass 
gently  with  the  fingers,  while  a  small  stream  p{  water  is  al- 
lowed to  flow  on  the  bag.  This  is  continued  until  the  water 
that  drains  from  the  bag  is  clear,  which  indicates  that  the 
starch  has  been  washed  out.  The  qualities  of  the  gluten  can 
then  be  observed. 

Good  gluten  is  elastic,  and  when  pulled,  the  threads  are 
long  and  rope-like.  Good  gluten  is  not  sticky,  when  flat- 
tened it  has  a  good  power  to  recoil,  and  it  can  be  kneaded 
into  a  thin  transparent  mass. 

Poor  gluten  is  dark  in  color,  very  sticky,  when  pulled, 
the  threads  readily  break,  and  are  flat  and  tape-like.  Poor 
gluten  has  but  little  power  to  recoil. 

Bread  made  of  Flour  from  which  the  Gliadin  has  been 
Extracted, — When  the  gliadin  is  partially  removed  from  a 
sample  of  flour,  it  has  a  marked  effect  upon  the  bread-making 
qualities;  when  the  gliadin  is  entirely  removed  the  yeast  has 
no  power  to  expand  the  mass  and  form  a  light  dough.  In 
the  illustration,  figure  No.  2  represents  a  section  of  a  loaf  of 
bread  made  of  flour  from  which  the  gliadin  had  been  extract- 
ed, while  figure  No.  1  represents  a  section  of  a  loaf  of  bread 
made  from  the  same  amount  of  flour  from  which  the  gliadin 
had  not  been  extracted. 

When  the  gliadin  was  extracted,  the  dough  was  not 
sticky;  it  felt  like  putty,  and  broke  off  like  putty.  The  yeast 
caused  the  mass  to  expand  a  little  when  first  placed  in  the 
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oven,  then  the  top  of  the  loaf  began  to  break  apart,  and  the 
loaf  decreased  in  size  as  if  no  yeast  had  been  used.  The  loaf, 
when  baked,  was  about  as  heavy  as  the  same  bulk  of 
robber. 

When  any  of  the  wheat  proteids.  except  gliadin  or  glute- 
nin,  are  extracted  the  expanding  and  bread-making  qualities 
of  the  flour  are  not  affected.  When  the  albumin  is  removed 
(and  other  water  soluble  proteids  as  well),  the  effect  upon  the 
appearance  of  the  bread  is  not  noticeable.  Figure  No.  3  is  a 
section  of  a  loaf  of  bread  made  from  flour  after  extractins^ 
the  albumin.  When  the  salt  soluble  proteids  (globulins) 
•were  extracted,  the  bread  produced  was  normal  in  appear- 
ance. The  gliadin  and  glutenin  are  the  only  proteids  which 
give  character  to  bread— that  is,  provided  the  bread  is  prop- 
erly made. 


d  Id  all  of  the  t 
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THE  DIGESTIBILITY  OF  BREAD. 


Three  experiments  were  made  to  determine  the  digesti- 
bility of  bread.  In  the  first  experiment  the  bread  was  made 
from  the  best  patent  grade  of  spring  wheat  flour,  while  in 
the  second  and  third  experiments,  bread  made  from  the 
bakers'  grade  of  flour,  and  from  whole  wheat  flour,  re- 
spectively, were  used.  The  experiments  were  made  with  a 
man  weighing  150  pounds.  The  daily  exercise  consisted  of 
a  four  mile  walk.  In  each  of  the  experiments  the  daily  ration 
consisted  of  about  a  pound  and  a  half  of  bread,  a  fifth  of  a 
pound  of  butter,  and  half  a  pound  of  eggs  (4^eggs).  The 
ration  was  the  same  in  each  experiment,  except  that  a 
diffierent  kind  of  bread  was  used.  The  amount  of  bread, 
butter,  and  eggs  per  day  in  each  of  the  experiments  was 
as  follows: 

TABLE  No.  XXIV.— Food  ConBumed  Per  Day. 


Bxperiment  No. 

1.    Bread  from 

Patent  flotir. 


Bxperlment  No.  2. 

Bread  from 

Bakers'  flour. 


Experiment  No.  3. 

Bread  from 
whole  wheat  flonr. 


Bread,  ponnda 
Bntter,      •*      .. 


1.48 
.20 
.54 


These  rations  supplied  all  of  the  needs  of  the  body  and 
produced  sufficient  energy  for  a  four  mile  walk  per  day.  In 
each  of  the  experiments  about  95  per  cent  of  the  total  nitro- 
gen of  the  food  could  be  accounted  for,  indicating  that  none 
of  the  vital  functions  had  been  carried  on  at  the  expenses  of 
food  which  had  been  stored  up  in  the  body.  This  ration  may 
be  considered  as  merely  a  maintenance  ration,  and  would 
not  be  suited  for  severe  labor. 

NOTB.— Tbeie  experiments,  as  well  as  the  experiments  relating  to  the  digesti- 
bility of  potatoes,  the  loss  of  food  value  by  prolonged  fermentation  in  bread  mak- 
ing, and  the  loss  of  food  value  when  potatoes,  carrots  and  cabbage  are  boiled  in 
different  ways,  were  made  in  co-operation  with  the  office  of  Bxperiment  Stations  of 
the  U.  S.  Department  of  Agriculture.  The  details  of  the  experiments  are  not  given 
but  will  be  published  either  in  the  annual  report  of  this  station,  or  in  the  publi- 
cations of  tne  office  of  Bxperiment  Stations. 
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The  rations  contained  nearly  a  pound  and  a  quarter  of 
dry  matter.  The  dry  matter  was  composed  of  about  a 
quarter  of  a  pound  of  protein,  a  quarter  of  a  pound  of  fat, 
and  .85  of  a  pound  of  carbohydrates,  present  principally  in 
the  form  of  wheat  starch.  The  nutrients  of  the  ration  were 
distributed  approximately  as  follows: 

TABLE  KO.  ZZV. 


Dry  Matter. 
Lbs. 

Fat. 
Lbs. 

Protein 
Lbs. 

Carbohydrates. 
Lbs. 

Bread.   1.47  oonnds 

.94 
.17 
.13 

.04 
.17 
.04 

.14 
.09 

.85 

Batter.    .20      '*        

Eggs,        .52      ••        

1.24                     .26 

.28 

85 

The  bread  supplied  all  of  the  carbohydrates  (heat  pro- 
ducing nutrients)  65  per  cent  of  the  protein  (muscle  and 
tissue  repairing  nutrients),  and  sixteen  per  cent  of  the  fat. 
The  four  eggs  supplied  the  same  amount  of  fat  as  the  bread, 
and  about  35  per  cent  of  the  protein  of  the  ration.  If  the 
bread  were  purchased  of  the  baker  at  5  cents  per  loaf,  and 
the  butter  cost  20  cents  per  pound,  and  the  eggs  12  cent  per 
dozen,  the  ration  would  cost  15%  cents  per  day.  If  the 
bread  were  home-made,  and  the  eggs  were  9  cents  per  dozen, 
and  the  butter  16  cents  per  pound,  the  ration  would  cost 
about  10  cents  per  day,  exclusive  of  the  cost  of  the  labor  of 
preparing  the  materials. 

The  whole  w^heat  flour  which  was  used  in  this  experi- 
ment was  a  poor  type  of  a  whole  w^heat  flour.  It  was  pur- 
chased as  a  high  grade  flour,  but  had  evidently  been  made 
from  winter  wheat  which  was  deficient  in  protein.  It  con- 
tained less  protein  than  the  bakers'  grade  of  flour,  and  only 
a  very  little  more  than  the  white  patent  flour.  The  samples 
of  flour  from  which  the  breads  were  made  had  the  following 
composition: 


DIGESTIBILITY  OF  BREAD. 
TABLE  Mo.  XZVI.— OompoBlUon  of  Flour  SmdpIm. 


Dry  Mattel 
Per  Ceat. 

Per  Cent. 

Per  Cent. 

Protein. 
PtrCent 

Carbo 

Patent  Floor 

91.99 

■" 

13.44 

73.07 

Whale  Wheat  PI  our.... 

,. 

.... 

77.60 

Omitting  the  details  of  the  separate  experiments,  it  was 
found  that  there  was  practically  no  difference  in  the  total 
digestibility  of  the  bread  made  from  the  three  kinds  of  flour. 
The  digestibility  of  the  bread,  as  found  in  each  of  the  experi- 
ments was  as  follows: 

TABLE  Ho.  XXVII.— DlgOBtlbnitr  Of  BraAd. 


Bread  from 

PRtixt  Floor. 

Per  Cent. 

DlKctted. 

BKodlVom 
Baken'  Floor 

Brtad  from 
Whole  wheat 

Per  Cent. 

D      Matter 

94 

87 

93 
84 

In  an  average  sampleof  bread,  the  approximate  amounts 
of  the  various  nutrients  are  represented  graphically  in  figure 
No.  4-,  The  indigestible  starch,  fat,  and  protein  are  repre- 
sented by  the  dark  squares  in  figure  No.  5. 


COMPOSITION  OF  BREAD. 


There  is  a  greater  diflFerence  in  the  composition  of  sam- 
ples of  bread,  than  there  is  in  the  digestibility  of  the  bread, 
that  is,  provided  the  bread  is  properly  made.  Bread  as 
ordinarily  used  contains  about  33  per  cent,  of  water,  from 
9.5  to  10  per  cent,  of  protein,  2  to  2V^  per  cent,  of  fat, 
about  .6  per  cent,  ash  and  salt  and  54  per  cent,  of  starch. 

In  comparing  the  food  value  of  the  different  samples  of 
bread  the  preference  should  be  given  to  the  bread  containing 
the  most  protein.  In  some  cases,  however,  this  would  be 
misleading,  as  in  the  bread  made  from  the  **Red  Dog"  grade 
of  flour,  which  is  rich  in  protein  but  the  gluten  is  of  poor 
quality  and  consequently  the  bread  is  of  poor  mechanical 
condition. 

The  whole  wheat  breads  are  not  constant  in  composi- 
tion. It  is  to  be  observed  that  the  amount  of  protein  ranges 
from  8.06  to  11.69  per  cent.  In  many  cases  the  whole  wheat 
flours  are  made  from  winter  wheats  poor  in  protein,  which 
produce  a  flour  poorer  in  protein  than  ordinary  flour.  It 
frequently  happens  that  whole  wheat  bread  is  purchased  be; 
cause  it  is  supposed  to  contain  more  nutrients,  when  in  reali- 
ty it  may  contain  less  nutrients  than  ordinary  bread.  When  the 
whole  wheat  flour  is  made  from  the  best  grades  of  wheat  it 
will  contain  a  little  more  protein  than  ordinary  flour.  It  is 
questionable,  in  many  cases,  if  this  small  additional  amount 
of  protein  is  worth  the  additional  price  usually  charged  for 
such  flours.  As  to  the  superior  merit  of  whole  wheat  flour 
over  ordinary  flour,  it  is  more  a  question  as  to  the  qualit}' 
of  the  wheat  from  which  each  flour  has  been  made. 

In  some  of  the  samples  of  baker's  bread  an  excessive 
amount  of  lard  or  butter  is  used,  which  is  indicated  by  a  high 
per  cent,  of  fat  when  the  bread  is  analyzed.   . 

The  cost  of  bread  is  another  important  item.  Three 
pounds  of  flour  will  make  a  little  more  than  four  pounds  of 
bread,  on  account  of  the  water  which  has  been  used  in  mak- 
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ing  the  bread.  At  two  cent  apotind  fortheflour,  four  loaves 
of  bread  can  be  made  from  six  cents'  worth  of  flour.  With  a 
liberal  allowance  of  two  cents  for  yeast  and  shortening,  the 
cost  of  the  materials  in  the  four  loaves  of  bread  would  be 
about  eight  cents  or  two  cents  a  loaf,  exclusive  of  fuel  and 
labor.  A  barrel  of  flour  costing  $4.00,  if  purchased  in  the 
form  of  bread  at  five  cents  a  loaf,  will  cost  over  $11.00. 
When  flour  is  more  than  two  cents  per  pound  the  cost  of 
bread  can  be  calculated  from  the  figures  given: 

Flat  Bread, — Flat  bread  is  a  type  of  unfermented  bread 
which  is  quite  extensively  used  in  many  parts  of  the  state. 
It  is  made  from  either  whole  wheat  or  ordinary  flour,  and 
is  baked  in  the  form  of  large  flat  round  cakes.  Sometimes  it 
is  rolled  very  thin  before  baking.  There  is  less  water  in  flat 
bread  than  in  the  flour  from  which  the  bread  was  made. 
The  bread  is  rich  in  protein  and  possesses  good  keeping  qual- 
ities. The  composition  of  three  samples  of  flat  bread  was 
found  to  be  as  follows: 

TABLE  KO.  XXVIII.— Composition  of  Flat  Bread. 


Water 
Per  cent. 

Protein 
Percent, 

Fat 
Per  cent. 

Carbohy- 
dratei*. 

Ash 
Per  cent. 

From  whole  wheat  ti our 

9.38 

16.50 

.70 

1 

72.92 

1.50 

From  whole  wheat    " 

9.03 

16.63 

.60 

72.64 

1.50 

From  Patent  flour 

10.64 

13.44 

.20 

75.28 

.54 

The  composition  of  other  kinds  of  bread  will  be  found 
in  the  tables  at  the  close  of  the  bulletin. 


THE   LOSS   OF   FOOD  VALUE   BY  PROLONGED  FER- 
MENTATION IN  BREAD  MAKING. 


In  bread  making  the  fermentation  process  causes  a  loss 
of  dry  matter.  This  loss  by  feitnentation  is  not  necessarily 
confined  to  the  sugar,  starch  and  other  non-nitrogenous 
compounds,  but  the  nitrogenous  compounds,  as  the  gluten, 
may  also  undergo  fermentation  changes.  In  wheat  and 
flour  nearly  all  of  the  element  nitrogen  is  in  the  form  of  pro- 
tein. It  is  the  protein  which  gives  flour  its  characteristic 
value  as  a  food.  As  previously  stated,  the  protein  in  flour  is 
present  mainly  in  the  form  of  gluten.  Thus  it  follows  that 
any  loss  of  nitrogen,  which  is  the  principal  element  of  pro- 
tein, means  a  corresponding  loss  of  protein  and  of  food  value; 
hence  it  is  unnecessary  to  emphasize  the  importance  of  pre- 
venting excessive  losses  of  nitrogen  by  fermentation  in  bread 
making. 

Inasmuch  as  bread  is  made  in  so  many  different  ways,  it 
was  thought  best  to  compare  the  two  extreme  methods  in 
common  use,  viz:  short  fermentation  and  prolonged  fer- 
mentation, to  determine  the  nature  and  extent  of  the  losses 
when  each  process  is  followed.  The  methods  of  procedure 
were  essentially  as  follows:  (1)  Short  fermentation  method, 
making  a  dough  of  the  flour,  water,  and  yeast,  kneading  it 
thoroughly,  allowing  it  to  rise  until  it  doubled  its  bulk, 
kneading  it  again  thoroughly,  when  after  rising  a  second 
time  it  was  baked.  (2)  Prolonged  fermentation  method 
making  a  batter  out  of  the  flour,  yeast,  and  water,  allowing 
this  batter  to  ferment  for  10  or  15  hours,  usually  over  night, 
then  adding  more  flour,  kneading  and  allowing  the  dough  to 
rise,  when  it  was  given  the  same  treatment  as  in  the  first 
method.  In  the  first  method  a  larger  amount  of  yeast  was 
used  and  the  fermentation  was  carried  on  for  a  shorter  time 
and  at  a  higher  temperature,  while  in  the  second  method  a 
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•smaller  quantity  of  yeast  was  used,  and  the  fermentation 
was  carried  on  for  a  longer  time  and  at  a  lower  temperature. 
Seven  separate  bread  making  trials  are  recorded;  in  four 
of  the  trials  the  bread  was  made  by  the  slow  fermentation 
process,  and  in  three  of  the  trials  by  the  rapid  fermentation 
process.  In  the  prolonged  fermentation  trials  the  fermen- 
tation process  was  continued  from  twenty  to  forty  hours,  a 
longer  time  than  is  usually  the  case  in  bread  making.  The 
time  of  fermentation  and  other  details,  are  given  in  the 
tables  at  the  close  of  the  article.  About  400  grams  of  flour 
(14ozs.)  were  first  carefully  weighed,  and  the  amount  of  un- 
used flour,  after  mixing  and  kneading  the  dough,  was 
weighed,  and  deducted  from  the  weight  of  flour  taken.  The 
flour,  yeast,  and  bread  were  all  weighed  and  analyzed,  and 
the  amount  of  dry  matter  and  nitrogen  lost  in  each  of  the 
trials  was  determined.  The  bread  was  all  made  from  one 
lot  of  hard  spring  wheat  patent  flour.  No  milk  or  fat  was 
used  in  making  the  bread,  thus  avoiding  complications  from 
the  introduction  of  foreign  materials.  The  details  of  the 
separate  trials  were  carried  out  by  Miss  A.  M.  Pattee. 

It  is  not  intented  to  convey  the  idea  that  for  ordinary 
bread  making  purposes  so  large  a  quantity  of  yeast,  as  was 
used  in  some  of  these  experiments,  is  necessary.  An  ordinary 
yeast  cake  weighs  about  12  grams.  While  the  length  of 
time  for  fermentation  as  given  for  some  of  the  trials  is  ex- 
cessive, the  losses  of  both  dry  matter  and  nitrogen  were  not 
in  all  cases  found  to  be  proportional  to  the  time  of  fermen- 
tation. In  some  of  the  trials,  not  reported,  it  appeared  that 
the  greatest  losses  occurred  during  the  first  twelve  or  fifteen 
hours  of  the  prolonged  fermentation.  Briefly  stated,  the 
losses  were  found  to  be  as  follows: 

Loss  of  Dry  Matter, — When  the  bread  was  made  by  the 
short  fermentation  process,  there  was  a  loss  of  1.74  per  cent 
of  dry  matter  equivalent  to  a  loss  of  a  little  more  than  three 
pounds  of  flour  per  barrel.  When  the  bread  was  made  by 
the  prolonged  fermentation  process  there  was  a  loss  of  8.08 
per  cent  of  dry  matter,  equivalent  to  a  loss  of  about  four- 
teen and  a  half  pounds  of  flour  for  every  barrel  of  flour  used. 

Loss  of  Nitrogen, — When  the  bread  was  made  by  the 
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short  fermentation  process  there  was  an  average  loss  of 
2.10  per  cent  of  the  total  nitrogen;  with  the  prolonged  fer- 
mentation process  the  loss  of  nitrogen  was  7.77  per  cent. 
When  a  barrel  of  flour  is  made  into  bread  by  the  prolonged 
fermentation  process,  the  loss  of  nitrogen  exceeds  the  loss 
by  the  short  fermentation  process  in  protein  value  equal  to 
about  seven  pounds  of  the  best  sirloin  steak. 


TABLE  No.  XZIX.— Summary  of  LoBsei. 


Short  Fermentation. 

1 

No. 

Prolonged  1 

Permentation. 

No. 

Drv  Matter. 
Per  Cent  Lost. 

Total  Nitrogen. 
Per  Cent  L^ost. 

Dry  Matter. 
Per  Cent  Lo^t. 

Total  Nitrogen. 
Per  Cent  Loat. 

1 

3.94 

1.60 

2 

11.09 

8.14 

3 

.13 

1.76 

4 

5.94 

10.23 

6 

2.25 

1.96 

6 

9.29 

6.80 

7 

6  01 

5.93 

Ave 

rage     2.10 

1.74 

8.08 

7.77 

TABLE  No.  XXX.— Weight  in  Qrams  of  Materials  used  and  of  Bread  Produced. 


Short  Fermentation. 


Prolonged  Fermentation. 


No. 

Flour. 

Yeast. 

1 
Water.          j  Time  (honrs) 

! 

Bread. 

1 

3 
5 

363.57 
366.84 
332.28 

6.85 
6.27 
6.57 

230 
230 
230 

2V4 
2H 

512.76 

620.7 

446.1 

2 

378.2 

1.68 

230 

23 

490.1 

4 

390.67 

2.66 

230 

22 

525.7 

6 

435.8 

2.45 

40 

653.6 

7 

416.7 

2.35 

23 

566.1 

(COMPOSITION  OF  FLOUR  AND  YEAST. 
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TABLB  No.  ZXXI.— Weight  in  Oramf  of  Dry  Matter  and  Nitroffen  in  Materials 

Used  and  Bread  produced. 


Short  Fermentation. 


Flour  and  Yeast. 


Bread. 


Prolonged  Fermentation. 


No. 

Dry  Matter. 

Nitrogen.          j 

Dry  Matter. 

Nitrogen. 

1 
3 
6 

317.7 
328.6 
299.4 

7.526 
7.820 

7.076 

312.9 
322.8 
293.5 

7.229 

7.81 

6.917 

2 

339.2 

7.937 

310.6 

7.057 

4 

349. 

8.218 

313.3 

7.73 

6 

389.2 

9.166 

362.7 

8.304 

7 

371.2 

8.783 

365.3 

8.208 

TABLE  No.  XXZri.— Compofition  of  Flour  and  Teast. 


Flour. 

Yeast. 

Water,  percent. 

Nitrogen,  per  cent 

10.853 
2.09 

65.49 
2.00 

Composition  of  Bread  Samples. 

1 

2 

3 

4 

5 

6 

7 

Water,  per  cent. 
Nitrogen,  per  cent. 


38.962 

36.69 

38.15 

40.44 

36.64 

34.62 

1.41 

1.44 

1.62 

1.47 

1.62 

1.47 

37.23 
1.46 


THE  DIGESTIBILITY  OF  POTATOES. 


The  digestibility  of  potatoes  when  used  as  food  for  do- 
mestic animals  has  been  determined  by  a  number  of  investi- 
gators, but  few  experiments,  however,  appear  to  have  been 
made  with  potatoes  as  a  human  food.  Inasmuch  as  pota- 
toes form  such  an  important  part  of  the  food  of  many  peo- 
ple, and  there  is  such  a  difference  of  opinion  regarding  their 
digestibility,  it  was  considered  best  to  determine  the  digesti- 
bility by  actual  experiment.  The  experiment  was  performed 
with  a  man  weighing  about  140  pounds.  The  daily  ration 
consisted  of  3%  pounds  of  boiled  potatoes,  8  eggs,  1%  pints 
of  milk,  and  half  of  a  pint  of  cream.  It  was  the  intention 
to  confine  the  ration  to  eggs  and  potatoes,  but  this  was 
found  impracticable  on  account  of  the  potatoes  making  the 
ration  too  bulky.  The  experiment  was  carried  on  for  four 
days.  The  daily  ration  contained,  approximately^  the  fol- 
lowing amounts  of  nutrients : 


TABLB  No.  XXXm. 


Dry  Matter 
lbs. 

i^sh. 
lbs. 

Protein, 
lbs. 

Fat. 
lbs. 

Carbo- 
hydrates, 
lbs. 

Potatoes,  3V^  pounds.. 
Bflrars.  8 

.80 
.25 
.20 
,09 

.082 
.009 
.011 
.003 

.09 
.11 
.06 
.01 

.001 
.108 
.06 
.075 

.66 

•"'oS"*  ** 

Milk.  1%  Dints 

.067 

Cream.  V4  oint 

.008 

Total 

1.34 

.055 

.27 

.244 

.735 

The  daily  ration  contained  1.34  lbs.  of  dry  matter.  The 
dry  matter  was  composed  of  about  a  quarter  of  a  pound  of 
fat,  a  little  more  than  a  quarter  of  a  pound  of  protein,  and 
nearly  three-quarters  of  a  pound  of  carbohydrates.    This 
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ration  supplied  all  the  requirements  of  the  body  and  pro- 
duced enough  energy  for  moderately  hard  labor. 

Without  entering  into  the  details  of  the  experiment,  the 
digestibility  of  potatoes  was  found  to  be  as  follows: 

Per  cent. 
Difirestible. 

Dry  matter 89.9 

Ash 62. 

Protein 67. 

Starch  and  other  carbohydrates 94. 

About  ninety  per  cen  t .  of  the  dry  matter  of  the  potato  was 
found  to  be  digestible.  Of  the  protein,  67  per  cent,  was  di- 
gested. The  starch  and  other  carbohydrates  were  found  to 
be  the  most  digestible  of  all  the  nutrients.    No  figures  are 


Protein.  ^Fat.  ■  Indigestible. 


Pig.  No.  6. 

Showing  the  Composition  of  the  Potato. 
TABLB  No.  XXZIV. 

In  100  pounds  of  Potatoes. 

Total  Pounds. 

Pounds  Digestible. 

Dry  Matter 

2S. 

22.6 

Aeh 

1.0 
.1 

2.5 
.8 
20. 

.6 

Pat 

Crude  Protein 

1.7 

Piber 

CarbohTdratefl 

19. 
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given  for  the  digestibility  of  the  fat,  because  the  potato  con- 
tains such  a  small  amount  of  fat  that  its  digestibility  can 
not  be  accurately  determined.  The  digestible  part  of  the  po- 
tato is  composed  mainly  of  starch,  which  is  a  valuable  heat- 
producing  nutrient.  The  protein  of  the  potato  is  not  as  digest- 
ible  as  the  protein  from  other  foods.  As  far  as  total  digesti- 
bility is  concerned,  this  experiment  indicates  that  potatoes 
occupy  a  high  place  among  our  vegetable  foods. 

The  average  composition  of  potatoes,  and  the  amount 
of  digestible  nutrients  present  are  as  given  in  Table  34  on 
preceding  page. 


THE  LOSS  OF  FOOD  VALUE  WHEN  POTATOES  ARE 

BOILED  IN  DIFFERENT  WAYS. 


In  boiling  potatoes,  five  or  six  different  methods  of  pro- 
cedure may  be  followed;  one  of  the  most  common  -ways  is 
to  (1)  peel  the  potatoes,  soak  them  in  cold  water  for  an  in- 
definite period,  and  boil  them,  starting  with  cold  water.  (2) 
Another  way  is  to  omit  the  soaking,  and  to  place  the  pota- 
toes directly  into  either  hot  or  cold  water  to  boil.  (3)  Some- 
times the  potatoes  are  not  peeled,  but  after  cleaning,  are 
placed  directly  into  the  kettle  of  either  hot  or  cold  water  for 
boiling.  The  cooking  of  potatoes  so  as  to  retain  the  highest 
amount  of  food  value  is  a  very  important  question. 

Lawes  and  Gilbert  have  shown  that  from  80  to  85  per 
cent,  of  the  nitrogen  of  potatoes  is  in  the  juice,  and  that  the 
same  proportion  of  the  mineral  matter  may  also  be  in  the 
juice.  They  suggest  that  the  boiling  should  be  conducted  so 
as  to  retain  the  albumin,  which  is  soluble  in  water.  No 
figures  of  losses  from  actual  trials  are  given,  but  they  sug- 
gest that  the  losses  may  be  very  large.  In  Bulletin  No.  42, 
from  this  station,  the  losses  of  albumin  were  found  to  range 
from  2  to  80  per  cent,  of  the  total  amount  in  the  potato, 
according  to  the  way  in  which  the  potato  was  boiled. 
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It  was  considered  advisable  to  make  further  trials,  using 
different  kinds  of  water,  as  hard  lime  water,  alkali  water, 
and  distilled  water.  Twenty-eight  separate  trials  were  made. 
In  each  trial  from  three  to  five  fair-sized  potatoes  were  used, 
the  boiling  was  done  in  a  metallic  kettle  over  a  gas  flame,  at 
about  the  same  rate  as  with  a  good  fire  in  a  stove.  Both 
the  potatoes  and  water  in  which  the  potatoes  were  boiled 
were  analyzed. 

When  the  potatoes  were  peeled,  soaked  in  water  five 
hours,  and  started  in  cold  waterover  57  per  cent,  of  thetotal 
nitrogen  was  extracted  and  lost.  In  the  earlier  trials,  re- 
ported in  Bulletin  No.  42,  when  the  potatoes  were  cut  into 
meditrm-sized  pieces,  soaked  and  boiled  slowly,  80  per  cent, 
of  the  total  nitrogen  was  extracted  and  lost  in  the  drain 
water.  The  losses  (»f  nutrients  are  the  heaviest  when  the 
potatoes  are  peeled,  sliced,  soaked  and  then  boiled  slowly, 
starting  with  cold  water. 

The  losses  of  nutrients  are  the  least  when  the  potatoes 
are  not  peeled,  and  are  placed  directly  into  hot  water,  or 
even  cold  water,  provided  the  water  is  warmed  rapidly. 
The  loss  of  total  nitrogen  is  then  reduced  to  about  one  per 
cent.  When  the  potatoes  are  peeled  and  placed  directly  into 
hot  water  about  eight  and  a  half  per  cent,  of  the  total  nitro- 
gen is  extracted  and  lost.  If  the  potatoes  are  peeled  and 
placed  in  a  kettle  containing  cold  water  the  losses  are  much 
greater.  The  smaller  the  pieces  and  the  slower  the  rate  of 
cooking  the  greater  the  losses. 

The  losses  were  about  the  same  with  hard  lime  water, 
alkali  water,  and  distilled  water.  The  losses  of  starch  and 
dextrin  are  insignificant  compared  with  the  losses  of  nitro- 
gen and  ash.  When  the  potatoes  are  not  peeled  the  com- 
bined losses  of  starch  and  dextrin  are  less  than  a  tenth  of 
one  per  cent.  When  the  potatoes  are  peeled  the  loss  of 
soluble  starch  and  dextrin  ranges  from  .63  to  1.50  per  cent. 

The  loss  of  such  a  large  proportion  of  the  total  nitrogen 
of  the  potato  is  a  serious  matter.  Before  cooking  there  is 
about  one  part  of  protein  to  every  10  or  11  parts  of  starch 
and  starch-like  bodies.  After  improper  cooking,  and  losing 
half  of  the  total  nitrogen  the  ratio  is  widened  to  1  to  20  or 
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more.  In  a  bushel  of  potatoes  a  loss  of  25  per  cent,  of  the 
vegetable  albumin  is  equivalent  in  food  value  to  all  of  the 
protein  in  a  potmd  of  sirloin  steak.  In  many  cases  the  losses 
are  even  greater  than  25  per  cent. 

These  trials  suggest,  that  in  order  to  retain  the  highest 
food  value:  (1)  Potatoes  should  not  be  peeled  and  soaked. 
(2)  They  should  be  placed  directly  into  hot  water.  (3)  The 
potatoes  should  not  be  cut  into  fine  pieces.  (4)  An  unneces- 
sarily large  amount  of  water  should  not  be  used  for  boiling. 

TABLE  HO.  XXZV.— Summary  Table  of  Average  Per  Cent,  of  Lof  t. 


Dry 
Matter. 


Ash 


Total 
Nitrogen. 


6  Potatoes  not  peeled-  and  placed 
in  boiling  water 

6  Potatoes  peeled  and  placed  in 
kettle  of  cold  water 

6    Potatoes  not  peeled  and  placed 

in  kettle  of  cold  'water 

(followed  by  rapid  boiling.) 

6  Potatoes  peeled  and  placed  in 
kettle  of  cold  water 

2  Potatoes  peeled,  soaked  and 
placed  in  kettle  of  cold  water.. 

2  Potatoes  p<eled,  sliced,  soaked 
and  placed  in  kettle  of  cold 
water 


.44 

3.41 

1.05 

S.43 

16.18 

8.52 

4.20 

2.40 

.98 

3.09 

18.91 

15.92 

6.48 

33.49 

51.72 
80. 

S<arch, 
etc. 


1.01 
.07 

.99 


THE  LOSS  OF   FOOD  VALUE  WHEN  CARROTS   ARE 

COOKED  IN  DIFFERENT  WAYS. 


In  the  preparation  of  carrots  for  thie  table,  it  is  usually 
the  custom  to  place  the  sliced  carrots  into  either  hot  or  cold 
water,  and  boil  them  until  they  are  soft  and  easily  punc- 
tured with  a  fork.  The  water  m  which  the  carrots  have 
been  boiled  is  usually  drained  oflF  and  thrown  away.  This 
water  is  colored  yellow  and  has  a  very  sweet  taste,  plainly 
indicating  that  some  of  the  nutrients  of  the  carrots  have 
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been  extracted  and  are  lost,  and  that  the  boiled  carrots  have 
a  different  composition  and  food  value  from  the  uncooked 
carrots. 

In  order  to  determine  just  how  much  food  value  is  lost 
in  the  drain  water  from  boiled  carrots,  twelve  separate 
trials  were  made,  in  which  lime  water,  alkali  water,  and 
soft  water  (distilled  water)  were  each  used.  A  sample  of  the 
carrots  used  was  analyzed.  The  carrots  were  prepared  by 
washing  and  cleaning  with  a  brush,  scraping,  and  before 
weighing  were  dried  quickly  with  a  towel  to  remove  surplus 
water.  The  drain  water,  as  well  as  the  smaller  amount  of 
distilled  water  used  for  rinsing  were  also  weighed  and 
analyzed.  From  the  weight  and  analysis  of  the  carrots  and 
the  weight  and  analysis  of  the  drain  waters  the  amounts  of 
nutrients  extracted  and  lost  were  calculated.  The  carrots 
were  sliced  in  wedge-shaped  pieces  about  four  or  five  inches 
long.  In  some  of  the  trials  the  pieces  were  smaller,  while  in 
others  they  were  larger.  The  carrots  were  cooked  in  a 
metallic  kettle  by  means  of  a  gas  burner,  under  as  nearly 
normal  conditions  as  possible.  The  rate  of  boiling  was  very 
similar  to  that  on  a  gasoline  stove. 

Composition  of  the  Carrots. — The  carrots  used  contained 
12.50  per  cent,  dry  matter,  which  is  practically  the  amount 
given  for  the  composition  of  American  carrots.  A  little  over 
half  of  the  dry  matter  was  cane  and  fruit  sugar, — viz.,  6.60 
percent.,  of  which  3.66  per  cent,  was  cane  sugar  and  3.00 
per  cent,  was  fruit  sugar  and  glucose.  The  amount  of  nitro- 
gen in  the  carrots  was  .18  per  cent.,  equivalent  to  1.12  per 
cent,  of  crude  protein.  About  44  per  cent,  of  the  total  ni- 
trogen was  present  as  albuminoid  nitrogen. 

The  Losses  in  the  Drain  Waters, — In  the  boiling  of  car- 
rots from  a  fifth  to  over  a  half  of  the  total  nutrients  are  ex- 
tracted and  lost  in  the  water  used  for  boiling.  The  amount 
of  loss  depends  more  upon  the  size  of  the  pieces  and  the  rate 
of  boiling  than  it  does  upon  the  kind  of  water  employed. 
With  small-sized  pieces  and  slow  boiling  .half  of  the  nitrogen 
may  be  extracted  and  lost.  The  most  serious  losses  are  of 
the  nitrogenuous  compounds  and  the  fruit  sugar.  There 
appears  to  be  a  larger  loss  of  the  nitrogenuous  compounds 
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than  of  sugar..  Unlike  the  potato,  there  appears  to  be  about 

the  same  relative  loss  of  nitro- 
gen when  the  carrots  are  placed 
directly  into  hot  waier,  as  when 
placed  in  cold  water.  This  is 
probably  due  to  the  presence  of 
the  large  amount  of  sugar  and 
other  extractive  matters  which 
leave  the  carrots  in  such  a  porous 
condition  that  the  coagulated  al- 
bumin cannot  be  retained. 

These  trials  suggest  that  in 
the  cooking  of  carrots  (1)  the 
pieces  should  be  large  rather  than 
small,  (2)  that  the  boiling  should 
be  rapid  rather  than  slow,  (3) 
that  as  little  water  as  possible 
should  be  used,  (4)  and  that  this 
extractive  matter  should  be  used 
as  food  along  with  the  carrots 
instead  of  being  thrown  away, 
so  as  to  prevent  the  loss  of  the 

Tig.  7.     Composition  of  a  carrot.    20  tO    30    per    CCUt.   of  the  mOSt 

valuable  nutrients  of  the  carrot. 


^Protein. 

^  Fiber. 


ABtu 


TABLE  Ho.  ZXXVI.— Summary.    Ayerage  Per  Cent  of  Losi. 


Dry  Matter 


Aah. 


Carrots  cut  in  Small  Piecea 

Carrots  cut  In  Medium  Sized  Pieces 
Carrots  cttt  in  Large  Pieces 


Total. 
Nitrogen. 


29.93 

47.91 

42.49 

23.67 

37.45 

27.64 

20.18 

29.70 

20.22 

Sugar. 


25.92 
2A.00 
15.40 


THE  LOSS  OF  FOOD  VALUE  WHEN  CABBAGE  IS 
COOKED  IN  DIFFERENT  WAYS. 


Similar  experiments  were  made  to  determine  the  extent 
of  the  losses  when  cabbage  was  boiled  by  beginning  with  hot 
or  cold  water.  In  each  trial  one  half  of  a  fair  sized  solid  cab- 
bage was  used.  The  cabbage  was  first  weighed,  and  then 
boiled  in  a  metallic  kettle  over  a  gas  flame.  The  drain 
waters  were  also  weighed  and  anatyzed.  The  rate  of  boiling 
was  the  same  as  in  the  experiments  with  potatoes  and  car- 
rots. Distilled  water,  lime  water,  and  alkali  water  were 
each  used  in  the  hot  and  cold  water  trials. 

Composition  of  the  Cabbage. — The  cabbage  contained 
92.52  per  cent  water,  .70  per  cent  ash,  .18  per  cent  nitrogen, 
equivalent  to  1.12  per  cent  of  crude  protein.  Sixty-one  per 
cent  of  the  total  nitrogen  was  in  the  form  of  albuminoid 
nitrogen.  ^^ 

The  Losses  in  the  drain  water  from  boiled  cabbage  are 
very  large.  Even  under  the  most  favorable  conditions, — 
starting  with  hot  water  and  boiling  rapidly — the  lowest 
amount  of  dry  matter  lost  amounted  to  29  per  cent  of  the 
total  dry  matter  in  the  cabbage,  while  about  a  third  each  of 
total  nitrogen  and  ash  were  lost.  The  heaviest  losses  oc- 
curred when  the  cooking  was  started  with  cold  w^ater,  when 
over  42  per  cent  of  the  total  dry  matter  was  extrated,  and 
nearlyhalf  of  the  total  nitrogen  and  over  half  of  the  ash  were 
lost.  On  account  of  the  leafy  and  porous  structurfe  of  the 
cabbage  a  larger  amount  of  surface  is  exposed  to  the  action 
of  the  water  used  for  boiling.  In  the  boiling  of  cabbage  the 
losses  can  not  be  held  in  check  as  effectually  as  in  the  boiling 
of  potatoes.  It  is  sometimes  customary  to  soak  cabbage  be- 
fore boiling,  in  which  case  the  losses  must  be  even'  larger. 
The  loss  of  the  dry  matter,  containing  from  a  third  to  a  half 
of  bofli  th'e  t6tal  nitrogen  and,  ash  seriously  lessens  the  food 
value  of  the  cabbage.  It  means  that  when  a  hundred  pounds 
bf  cabbages  are  boiled  there  is  only  about  5.50  pounds  of 
dry  matter  actually  consumed,  while  2.25  pounds  contain- 
ing the  most  valuable  nutrients  of  the  cabbage  are  lost. 


Printed  also  as  Bnlletin  No.  54  of  this  Station. 


THE  RATIONAL  FEEDING  OF  MEN. 


HARRY  SNYDER. 


Importance. — The  object  of  the  rational  feeding  of  man 
is  to  supply  the  human  body  with  the  proper  amounts  of  the 
right  kinds  of  food.  In  the  feeding  of  man,  as  in  the  feeding 
of  animals,  the  best  results  are  obtained  in  the  way  of  econo 
my,  health,  and  amount  of  labor  that  can  be  performed, 
when  the  body  is  supplied  with  the  proper  nutrients  for  the 
production  of  heat  and  energy,  and  for  the  necessaxy  repair 
of  the  worn-out  tissues. 

In  order  to  discuss  the  subject  it  will  be  necessary  to  con- 
sider the  composition  of  foods,  the  uses  made  of  foods  by  the 
body,  the  amount  of  food  required  for  different  kinds  of 
labor,  the  combination  of  foods  to  form  balanced  rations  so 
as  to  meet  all  of  the  requirements  of  the  body,  and  the  com- 
parative cost  and  value  of  various  kinds  of  foods. 

COMPOSITION  OF  FOODS. 

Many  of  our  common  food  materials  as  meat,  and  the 
various  vegetables  are  very  complex  in  composition,  in  fact 
the  exact  number  and  nature  of  the  compounds  in  an  ordi- 
nary food  material  are  not  known.  Although  foods  are 
composed  of  many  compounds,  the  main  difference  in  com* 
position  between  two  foods  is,  as  a  rule,  confined  to  a  few  of 
these  compounds.  One  food  diffei^from  another  in  contain- 
ing  more  or  less  of  some  nutrient  as  starch,  sugar,  fat  or 
albumin. 

In  dealing  with  the  composition  of  foods  it  is  necessary 
to  make  use  of  a  number  of  terms  as  nutrient,  dry  matter, 
organic  matter  and  protein,  which  will  first  be  briefly 
defined. 

NoT»— This  article  has  been  condensed  from  lecture  notes  given  as  a  part  of 
the  conrse  in  chemistry  at  the  Minnesota  School  of  Affricnlture.  The  material 
has  been  compiled  largely  from  the  works  of  Konig,  Voit,  Atwater  and  the  publi- 
cations of  the  U.  8.  Department  of  Agriculture. 
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i 

A  nutrient  is  either  a  compound  or  a  group  of  compounds 
capable  of  serving  some  purpose  as  food.  Sugar,  fat,  and 
albumin  are  nutrients  because  they  are  compounds  which 
can  be  used  by  the  body  as  food. 

Water  as  a  Constituent  of  Foods. — ^AU  foods  contain 
water.  In  the  white  of  the  egg,  in  milk,  in  vegetables  and 
in  the  juices  of  meats  the  water  is  perceptible,  while  sub- 
stances like  meal,  flour  and  sugar,  which  appear  perfectly 
dry,  contain  water. 

Dty  Matter,  or  Solids. — Whenever  the  water  is  entirely 
removed  from  any  substance,  the  material  which  is  left  is 
called  the  dry  matter  or  solids.  When  all  of  the  water  is  re- 
moved from  a  sample  of  milk  it  leaves  a  brittle  shining  resi- 
due called  the  milk  solids.  If  a  quart  of  milk  is  weighed,  and 
all  of  the  water  removed  in  the  way  to  be  described,  it  will 
be  found  that  about  four  and  a  half  ounces  of  solid  material 
are  obtained.  At  the  same  rate  a  hundred  pounds  of  milk 
would  give  about  13  pounds  of  solids. 

How  the  Water  in  Foods  is  Removed. — The  water  in  any 
food  or  other  substance  is  removed  by  drying  the  material  at 
the  temperature  of  boiling  water.  This  is  accomplished  by  dry 
ing  in  a  water  oven,  which  is  made  of  tin  or  copper  and  has 
double  walls.  The  space  between  the  walls  is  filled  with 
water  which  is  kept  boiling. 

When  any  food  is  dried  in  such  an  oven,  the  water  which 
is  present  is  expelled  in  the  form  of  steam,  leaving  what  is 
known  as  the  dry  substance  or  water  free  material. 

These  two  terms,  water  and  dry  matter,  are  used  fre- 
quently in  speaking  of  foods.  When  it  is  desired  to  express 
the  amount  of  water  which  a  substance  contains  it  is  always 
expressed  in  pounds  per  hundred  of  that  substance.  In  all 
books  and  tables  these  figures  are  given  as  percentage 
amounts,  which  means  pounds  of  water  in  one  hundred 
pounds  of  the  substance. 
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In  100  lbs. 

of  milk    there 

In  100       ' 

'    cheese         " 

In  100 

'    flour           " 

In  100       • 

'    butter 

In  100 

.    i^f 

In  100 

'    chicken        " 

In  100 

'    waterml'n  " 

In  100 

'    sugar         " 

In  100 

'    oysters        " 
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30  to  35 
10  to  14 

8  to  15 
50  to  60 
70  to  75 
95  to  96 

.1  to  1. 
86  to  88 


The  amount  of  water  in  other  foods  is  given  in  the  tables  of 
analyses. 

It  is  to  be  observed  that  there  is  a  great  diflference  in  the 
amount  of  water  present  in  food  stuffs.  Whenever  we  buy  a 
pound  of  beef  we  buy  about  half  a  pound  of  water,  and  when 
we  buy  a  barrel  of  flour,  from  20  to  30  pounds  of  water  are 
purchased.  Tomatoes,  cucumbers  and  many  other  veget- 
ables frequently  contain  95  to  96  parts  of  water  in  every  100 
parts  of  the  vegetable  material. 

Ash. — ^The  dry  matter  of  foods  is  composed  of  a  number 
of  separate  and  quite  distinct  compounds,  some  of  them  as 
starch,  sugar  and  fat,  are  familiar  bodies.  If  this  dry  matter 
of  foods  is  burned,  a  small  amount  of  ash  is  obtained. 

In  all  food  stufis,  as  eggs,  meat  and  vegetables,  there  is 
a  certain  amount  of  material  that  is  left  after  the  substance 
is  burned  which  is  called  the  ash,  or  mineral,  or  earthy 
matter.  In  all  foods  there  is  more  or  less  ash  present,  just 
as  there  is  in  wood  or  coal.  In  the  case  of  milk,  there  is 
about  three-quarters  of  a  pound  of  ash  in  100  pounds  of  milk. 
In  all  meats  there  is  from  a  pound  to  a  pound  and  a  half  of 
ash  per  100  pounds  of  the  meat.  In  other  food  stufls  this 
mineral  matter  is  present  in  various  amounts  as  given  in  the 
tables  of  the  composition  of  foods.  This  mineral  matter  is  a 
necessary  food  constituent.  The  ash  of  the  food  is  impor- 
tant because  it  furnishes  material  for  the  formation  of  bones 
and  it  also  enters  into  the  composition  of  all  of  the  vital 
fluids  and  every  part  and  organ  of  the  body.  The  ash  is 
composed  of  a  number  of  constituents  as  salt,  lime,  iron, 
phosphoric  acid,  etc.  Foods  differ  materially  as  to  the  com- 
position of  their  ash.    In  potatoes  the  mineral  matter  is 
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largely  potash,  while  in  grains  it  is  composed  largely  of 
phosphates. 

Organic  Matter, — The  dry  substance  which  has  been 
burned  is  known  as  the  organic  or  volatile  part  of  the  food. 
The  ash  is  called  the  non-volatile  or  inorganic  part.  The 
organic  matter  is  obtained  by  subtracting  the  ash  from  the 
dry  matter. 

-Fats. — One  of  the  nutrients  present  in  all  foods  is  fat. 
The  amount  of  fat  in  foods  is  variable.  In  100  pounds  of 
milk  there  may  be  present  from  3.5  to  5  pounds  of  fat;  in 
flour  fat  is  present  to  the  extent  of  one  pound  in  every  100 
pounds  of  flour.  In  lean  meat  from  a  fifth  to  a  third  of  the 
total  weight  is  fat.  The  amount  of  fat  is  least  in  the  veget- 
able food  stuffs,  and  greatest  in  the  animal  food  stuffs. 

There  is  a  great  difflerence  in  the  quality  of  fat  from  dif- 
ferent foods.  In  some  cases  the  fat  is  firm  and  hard  like 
tallow,  while  in  other  cases  it  may  be  in  the  form  of  an  oil. 
Fat  is  not  a  simple  material.  There  are  a  great  many  differ- 
ent kinds  of  separate  fats;  and  in  milk  there  are  no  less  than 
seven  or  more  separate  fats. 

The  fats  are  sometimes  spoken  of  when  the  ether  extract 
materials  are  meant.  Fats  are  soluble  in  ether  and  consti- 
tute, nearly  all  of  the  ether  extract  of  grains,  and  animal 
food  products.  In  fresh  green  vegetables  the  ether  extract 
contains  a  great  many  other  compounds  besides  fat.  The 
ordinary  figures  given  for  the  fat  content  of  green  vegetables 
are  much  higher  than  the  actual  amounts  of  pure  fat  present, 
while  the  ether  extract  from  animal  food  products,  and  from 
most  grain  products  is  nearly  pure  fat. 

The  amount  of  fat  which  various  foods  contain  is  given 
in  the  tables  of  analyses. 

Fiber, — The  fiber  includes  the  cellulose  and  lignin  bodies 
which  constitute  the  frame  work  of  vegetable  substances. 
The  amount  of  fiber  in  human  food  stuffs  is  usually  small. 
In  ordinary  flour  there  is  about  one  part  of  fiber  in  1000 
parts  of  flour.  In  some  foods,  as  the  potato,  the  amount  of 
fiber  is  sometimes  exaggerated.  In  the  potato  there  are 
three  or  four  parts  of  fiber  per  1000  parts  of  potato.  The 
fiber  is  not  entirely  indigestible. 
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Carbohydrates, — The  starch  and  sugar  compounds  to- 
gether with  similar  substances  constitute  the  carbohydrate 
group.  As  ordinarily  used  the  carbohydrates  include  com- 
pounds as  the  organic  acids,  or  sour  principles  of  vegetables, 
the  jellies  or  pectose  substances,  and  many  other  bodies  which 
are  not  carbohydrates.  The  term  nitrogen-free-extract  is  fre- 
quently made  use  of  to  designate  this  miscellaneous  group. 
The  term  nitrogen-free-extract  means  compounds,  like  starch 
orsugar,  which  contain  no  nitrogen,  (nitrogen-free),  areeasily 
soluble  bodies,  and  are  capable  of  being  readily  extracted 
from  foods.  The  term  nitrogen  free  extract  is,  as  its  name 
implies,  a  very  indefinite  one* 

The  Non-nitrogenous  and  the  Nitrogenous  Compounds — 
The  fat,  fiber,  starch,  sugar,  and  other  allied  compounds 
constitute  a  group  to  which  the  name  non-nitrogenous  com- 
pounds is  given.  The  non-nitrogenous  compounds  contain 
no  nitrogen.  Compounds  like  albumin,  casein  and  fibrin 
contain  nitrogen,  and  are  called  nitrogenous  compounds. 
Non-nitrogenous  compounds  contain  no  nitrogen:  nitrogen- 
ous compounds  contain  nitrogen.  The  divisions  into  these 
two  classes  is  an  important  one,  because  each  class  serves  a 
different  food  purpose.  The  nitrogenous  compounds  are  by 
far  the  most  expensive  and  the  most  important  nutrients 
found  in  foods.  The  nitrogenous  compounds  are  divided  into 
groups. 

Protein. — The  proteids  are  the  largest  and  the  most  im- 
portant group  of  the  nitrogenous  compounds.  Unfortu- 
nately, the .  terms  used  to  designate  the  nitrogenous  com- 
pounds have  been  confused.  By  many  the  terms  proteids, 
albuminoids,  and  nitrogenous  compounds  are  used  synony- 
mously, but  each  term  has  a  distinct  meaning.  The  nitro- 
genous compounds  constitute  the  general  class,  while  pro- 
teids and  albuminoids  are  distinct  classes  of  nitrogenous 
compounds.  For  food  purposes  the  nitrogenous  compounds 
are,  by  common  usage,  collectively  spoken  of  as  the  crude 
protein. 

Nutritive  Ratio, — The  nutritive  ratio  is  the  ratio  which 
exists  between  the  protein  and  the  non-nitrogenous  com- 
pounds.   A  nutritive  ratio  of  1  to  5.5  means  one  part  of 
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protein  to  5.5  parts  of  non-nitrogenous  compounds.  In  cal- 
culating the  nutritive  ratio  the  fats  are  multiplied  by  2^4  be- 
cause they  are  so  much  more  concentrated  than  the  carbo- 
hydrates. In  calculating  the  nutritive  ratio  the  fat,  after 
multiplying  by  2%,  is  added  to  the  carbohydrates,  then  this 
sum,  divided  by  the  protdo,  gives  the  nutritive  ratio.  A 
narrow  ratio  means  a  small  proportion  of  non-nitrogenous 
compounds  to  protein.  A  wide  ratio  means  a  large  propor- 
tion of  non-nitrogenous  compounds  to  protein. 

Miscellaneous  Compounds. — In  addition  to  the  com- 
pounds which  have  been  given,  there  are  a  great  many  other 
compounds  present  in  foods.  Many  fruits  and  vegetables 
contain  essential  oils  and  other  similar  products  which  im- 
part flavor  and  render  foods  more  digestible.  Many  foods 
also  contain  various  organic  acids,  as  tartaric  acid,  found  in 
grapes,  and  malic  acid  found  in  small  fruits.  The  jellies,  or 
pectose  substances  are  also  found  in  many  foods.  In  the 
potato  pectose  substances  and  organic  acids  are  both  present. 
Some  foods  contain  compounds,  as  tannic,  which  impart  a 
a  negative  food  value. 

In  the  following  chart  a  classification  of  the  important 
compounds  found  in  foods  is  given.  A  division  is  first  made 
into  water  and  dry  matter.  The  dry  matter  is  then  divided 
into  two  parts;  ash,  and  the  organic  or  volatile  part.  The 
organic  partis  in  turn  divided  into  two  classes  of  com- 
pounds: non-nitrogenous  and  nitrogenous.  Both  of  these 
classes  are  subdivided  as  indicated  on  the  chart.  While  the 
classification  may  seem  somewhat  complicated,  it  must  be 
remembered  that  when  we  are  dealing  with  foods  we  are 
considering  very  complex  bodies. 
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Composition  of  Foods. 
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USES  MADE  OF  FOODS  BY  THE  BODY. 


In  order  to  sustain  life  the  body  mnst  be  supplied  with 
food  for  the  production  of  heat  and  for  maintaining  the  body. 
In  the  case  of  growing  children  an  additional  amount  is  re- 
quired in  excess  of  that  required  for  the  two  purposes  named. 
Foods  should  supply  all  of  these  needs  of  the  body. 

Heat  Producing  Foods, — Fat,  starch  and  sugar  which 
belong  to  the  non-nitrogenous  compounds  are  gener- 
ally called  the  heat  producing  compounds.  A  pound  of 
starch,  when  it  is  fully  digested  by  the  body,  produces  the 
same  amount  of  heat  as  if  the  starch  were  burned  in  a  stove. 
In  fact  all  of  our  food  which  is  digested  produces  heat.  In 
order  for  the  functions  of  the  body  to  be  properly  performed, 
a  certain  amount  of  heat  is  required.  There  is  a  great  difier- 
ence  in  the  amount  of  heat  which  different  foods  are  capable 
of  producing.  Some  foods  are  greater  heat  producers  than 
others. 

Heat  Units. — The  heat  which  is  present  in  foods  is 
measured  by  the  amount  of  work  which  it  is  capable  of  do- 
ing. The  amount  of  heat  required  to  raise  a  pound  of  water 
.8  of  a  degree  F.  is  called  a  Calorie.  A  pound  of  sugar  or 
starch  will  produce  1860  Calories;  that  is  a  pound  of  starch 
when  burned,  if  all  of  the  heat  were  used  for  warming  water, 
would  warm  1860  pounds  of  water  .8  of  a  degree  F.  The 
heat  produced  by  foods  is  sometimes  spoken  of  as  the  heat 
units.  A  pound  of  starch  or  sugar  will  yield  1860  heat  units. 
A  pound  of  fat  will  produce  4225  heat  units,  about  2.25 
times  more  heat  than  a  pound  of  starch. 

Starch,  sugar  and  fat  not  only  produce  heat  but  may  al- 
so be  used  for  the  formation  of  fat  in  the  body.  These  com- 
pounds alone  can  not  produce  muscle  or  sustain  life  because 
they  contain  no  nitrogen.  The  muscles,  blood,  skin,  etc.  all 
contain  nitrogen,  hence  the  sugar,  starch  and  fat,  are  incom- 
plete  foods  because  they  supply  no  nitrogen.    The  nitrogen 
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of  the  body  must  be  supplied  in  the  form  of  protein  as 
albumin,  or  casein. 

Importance  of  Protein, —The  protein  compounds  are  fre- 
quently called  the  muscle  forming  compounds,  a  term  first 
used  by  Liebig.  As  previously  stated  they  are  the  most  im- 
portant compounds  present  in  foods.  They  are  the  building 
materials  out  of  which  the  greater  portion  of  the  muscles  of 
the  body  are  formed.  They  enter  into  the  composition  of  the 
bones,  tendons  and  ligaments,  hair,  skin,  nails,  nerve  tissues, 
and  all  of  the  vital  fluids  of  the  body.  Every  muscular  act 
of  the  body  is  carried  on  at  the  expense  of  some  protein 
material.  All  of  these  demands  for  protein  in  the  human 
body  must  be  met  by  a  liberal  supply  in  the  food.  It  is  the 
protein  which  is  usually  the  most  deficient  in  our  food 
materials.  The  protein  compotmds  are  the  vital  nutrients. 
From  what  has  been  said  in  regard  to  the  protein  compounds 
entering  so  largely  into  the  composition  of  the  body,  the 
necessity  of  combining  a  suflicient  amount  of  protein  in  our 
food  is  apparent.  Protein  not  only  performs  these  fi:inctions 
but  it  also  produces  heat.  A  pound  of  protein  when  digested 
will  produce  the  same  amount  of  heat  as  a  pound  of  starch 
or  sugar. 

Digested  Products,— When  protein  is  digested,  the  nitro- 
gen is  excreted  in  the  form  of  urea.  The  carbon  of  the  food 
appears  as  carbon  dioxide,  and  the  hydrogen  as  water,  both 
of  which  are  expelled  in  respired  air.  In  order  to  form  car- 
bon dioxide  and  water  the  oxygen  of  inhaled  air  is  essential. 
In  addition  to  forming  completely  digested  products  as  car- 
bon dioxide,  water,  and  urea,  cleavage  products  are  also 
formed.  The  income  and  outgo  of  the  carbon  of  the  food  is 
studied  by  Petten  Rofer's  apparatus,  by  means  of  which  all 
of  the  respiratory  products,  as  carbon  dioxide  and  water  are 
accurately  determined. 


THE  AMOUNT  OF  FOOD  REQUIRED  BY  THE  BODY. 


The  amount  of  food  which  the  body  requires  is  deter- 
mined by  experiments.  The  food  is  so  regulated  that  the 
amount  of  waste  matter  is  entirely  replaced  by  the  food  con- 
sumed. The  amount  of  food  which  the  body  demands  can 
be  as  accurately  determined  as  the  amount  of  fuel  required 
by  an  engine  for  diflferent  kinds  of  work.  The  amount  of 
food  required  by  different  persons  varies  in  the  same  way  as 
the  fuel  requirements  of  different  stoves .  Unlike  the  stove,  the 
body,  when  it  is  not  supplied  with  food,  begins  to  draw  upon 
itself.  Making  due  allowance  for  individual  differences,  the 
average  amount  of  food  per  day  required  b3''a  man  at  moder- 
ate physical  labor  is  as  follows: 

Protein 25  pounds. 

Fat.... 25 

Carbohydrates • 1.00 


(( 


n 


Total  dry  matter 1.50  pounds. 

Heat  units  or  fuel  value  of  food  about  3300  calaries. 

The  food  consumed  should  vary  with  the  occupation,  the 
climate,  and  the  characteristics  of  the  individual.  The  figures 
for  the  dietary  standards,  calculated  from  many  experiments 
by  different  investigators,  as  given  by  Atwater,  are  as 
follows: 


TABLE  No.  XXZVII.-Dletar7  StandardB. 

Protein 
lbs. 

Fat 
lbs. 

Carbo- 
hydrates 
lbs. 

Pnel 
Valne. 

Nntritive 
Ration. 

Man  with  little  physical  exercise.. 

.20 

.20 

.66 

2.460 

6.6 

Man  with  liRht  mnscnlar  work.... 

.22 

.32 

.77 

2.800 

6.7 

Man  with  moderate  mnscnlar  w*rk 

.28 

.28 

.99 

3.620 

6.8 

Man  with  active  mnscnlar  work.. 

.33 

.33 

1.10 

4.060 

6.6 

Man  with  hard  mnscnlar  work.... 

.39 

.66 

1.43 

6.700 

6.9 
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It  is  to  be  observed  that  any  increase  in  the  amount  of 
labor  performed  should  be  met  with  a  corresponding  increase 
in  the  amount  of  food  consumed.  The  food  should  be  regu- 
lated according  to  the  amount  of  work  that  is  to  be  performed. 
There  is  no  question  that,  ordinarily,  too  little  attention  is 
paid  to  the  proper  combination  of  foods  so  as  to  famish  the 
nutrients  according  to  the  demands  of  the  body.  It  is  not 
intended  to  convey  the  idea  that  every  particle  of  food  a  per- 
son consumes  should  be  weighed,  and  the  nutrients  which  it 
contains  calculated.  A  general  knowledge  of  the  composi- 
tion of  foods  will  enable  one  to  know  what  foods  can  be 
combined  with  other  foods  to  advantage. 

Some  foods  are  rich  in  protein,  some  are  rich  in  fat,  while 
others  are  rich  in  carbohydrates.  Take  for  example  a  few 
foods  as  butter,  rice,  potatoes,  eggs  and  beef.  A  combina- 
tion of  butter,  rice  and  potatoes  would  be  deficient  in  protein 
and  would  be  an  unbalanced  ration.  A  combination  of  beef, 
eggs  and  butter  would  likewise  form  an  unbalanced  ration, 
one  rich  in  protein  and  fat,  and  containing  no  carbohyd- 
rates .  If  the  two  classes  of  foods  are  blended  a  good  balanced 
ration  is  the  result. 

In  the  combination  of  foods  there  is  sometimes  a  tenden- 
cy to  use  too  much  fat.  A  certain  amount  of  fat  in  the  food 
is  absolutely  necessary.  The  carbohydrates  can  not  entirely 
take  the  place  of  the  fats  because  the  body  demands  a  cer- 
tain amount  of  concentrated  heat-producing  food  as  fat. 
Too  much  fat  is  not  only  a  waste  of  food  but  is  also  a  detri- 
ment. Four  ounces  of  fat  daily  is  a  fair  amount,  in  some 
cases  four  or  six  ounces  can  be  used  by  the  body  to  advant- 
age, but  ten  or  twelve  ounces  per  day  of  fat,  which  is  fre- 
quently the  amount  consumed,  is  too  much. 

Example  of  a  Balanced  Ration. — The  combination  of 
foods  to  form  balanced  rations  is  not  a  difficult  matter. 
Suppose  a  ration  is  to  be  made  from  bread,  butter,  potatoes, 
sugar,  eggs,  milk  and  some  meat  as  round  steak.  The  com- 
position of  each  food  should  first  be  noted.  In  the  tables  of 
composition  of  foods,  the  nutrients  in  100  pounds  of  the 
food  are  given.    By  moving  the  decimal  point  two  places  to 

the  left  the  nutrients  in  one  pound  of  the  food  are  obtained, 
as  follows. 
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TABLS  NO.  XXXYin. 


9 

Protein 
lbs. 

Pat 
lbs. 

Carbohydrates  Heat  Units 
lbs.                Calories. 

One  pound  bread  containsi 

.096 

.02 

.65 

1300 

One  ponnd  bntter  contains 

.86 



3600 

One  pottnd  potatoes  contains... 

.02 

.20 

400 

One  ponnd  sugar  contains 



.98 

1600 

One  pound  cgs^  (with  shells).... 

.12 

.10 

660 

One  pound  round  steak 

.18 

.12 

870 

One  pound  of  milk 

.04 

.04 

.05 

325 

1 

The  object  is  to  combine  the  foods  so  that  about  .25  lbs. 
of  protein,  .25  lbs.  of  fat  and  about  one  pound  or  a  little  less 
of  carbohydrates  are  obtained.  The  ration  should,  in  bulk, 
contain  from  1.3  to  1.5  pounds  of  dry  matter  dnd  produce 
about  3000  ^eat  units.  Combining  the  foods  named  so  as 
to  obtain  these  amounts  it  would  require  about  8  ozs.  of  po- 
tatoes, 8  ozs.  of  steak,  12  ozs.  of  bread,.  3  ozs.  sugar,  2  ozs. 
of  butter,  1  pint  of  milk  and  3  eggs. 


TABLE  No.  XZXIX.-Natrl0nt8  for  One  Day. 


Quantity. 

Pood. 

Dry    Matter. 
Lbs. 

Protein. 
Lbs. 

Fat. 
Lbs. 

Carbohydrates 
Lbs. 

8  ozs. 
12  OSS. 

Round  steak. 
Bread 

.16 
.50 
.12 
.19 
.11 
.07 
.13 

.09 
.07 
.01 

.04 
.04 

.06 
.01 

.11 
.03 
.04 

.41 

8  ozs. 
3  ozs. 

Potatoes 

Snirar 

.10 
.19 

2  ozs. 

Bntter 

4.6  ozs. 
16  ozs. 

(3)    HggB 

Mi!k 

.05 

Total 

1.28 

.26 

.26 

.75 

The  protein  of  this  ration  is  supplied  by  the  steak,  bread, 
eggs  and  milk.  The  butter  and  steak  furnish  the  larger  part 
of  the  fat,  while  the  bread,  potatoes  and  sugar  supply  the 
carbohydrates.  In  order  to  make  the  ration  more  complete 
fruit  or  vegetables  should  be  added. 

A  tew  examples  of  rations,  calculated  for  average  muscu- 


72  THE  RATIONAL  FEEDING  OF  MEN. 

lar  labor,  are  giveti.  The  fig^es  are  for  the  uncooked 
materials .  as  ordinarily  purchased  or  sold  in  the  market, 
average  allowance  being  made  for  waste  and  refuse  parts  of 
the  food.  With  the  exception  of  the  sugar  arid  a  few  other 
articles,  it  is  to  be  noted  that  nearly  all  of  the  foods  included 
in  the  rations  may  be  produced  on  the  farm.  The  rations 
are  given  merely  as  outlines  and  may  be  varied  t.o  suit  the 
tastes  of  the  individual.  All  of  the  rations  should  have 
fruits  and  vegetables  added  to  make  them  more  complete. 
The  eye  should  be  trained  so  that  the  weight  of  all  foods  can 
be  approximately  determined.  One  should  become  acquaint- 
ed with  the  comparative  bulk  and  weight  of  foods  so  that 
the  quantities  required  for  rations  can  be  told  without 
weighing  every  article  of  food . 

Notes  on  the  Rations,— It  is  to  be  observed  that  the  main 
sources  of  protein  are  cheese,  beans,  meat,  milk,  and  breads 
Other  foods,  as  potatoes  and  rice,  contain  some  protein,  but 
they  contribute  but  little  to  the  total  protein  of  a  ration. 
The  foods  which  supply  fat  in  the  largest  amounts  are  butter,, 
pork,  ham,  bacon,  mutton,  beef,  cheese,  and  milk;  beans,  rice,, 
potatoes,  and  bread  contain  but  little  fat.  Nearly  all  of  the 
carbohydrates  are  supplied  by  potatoes,  bread,  beans,  sugar,, 
rice  and  oat  meal. 

The  rations  are  not  calculated  for  the  most  severe  mus- 
cular labor,  but  for  average  farm  work.  With  light  work,, 
the  amounts  of  food  should  be  reduced  one- third.  For  hard 
labor  about  twice  as  much  food  is  required  as  for  light  work.. 
The  same  amount  of  work  could  not  be  accomplished  equally 
well  with  all  of  the  rations.  In  ration  No.  Ill  there  are  1000' 
more  heat  units  than  in  ration  No.  VI. 

Foods  which  are  slow  of  digestion  should  be  combined 
with  foods  which  are  easily  digested.  The  ration  of  a  labor- 
ing man  should  not  consist  entirely  of  easily  digested  food, 
because  the  food  will  leave  the  stomach  in  so  short  a  time 
that  hunger  will  result  although  the  ration  contained  the 
requisite  amounts  of  nutrients. 
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TABLE  HO.  XL.— Examples  of  BaUnoed  Human  Batioiu. 


Amount  in 

Ounces. 

(Por  one 

day.) 

Dry 
Matter 

in 
Pounds. 

Nutrients. 

Food 
Materials. 

Protein 
lbs. 

Fat 
lbs. 

Carbohyd- 
rates, 
lbs. 

Heat 
Units. 

No.  II. 
Beans  

4 
2 
2 
12 
8 
2 
4 
4 
8 

.22 
.11 
.11 
.52 
.17 
.12 
.17 
.07 
.07 

.06 
.01 

.07 
.01 

.07 
.04 
.02 

.10 
.11 
.01 

.09 
.08 
.02 

.15 

.41 
.10 
.12 

.03 

397 

Pork  

494 

Bntter 

460 

Bread 

979 

Potatoes 

103 

Sugar 

Cheese 

200 
'^OO 

Bsres 

202 

*'fto" •••• 

Milk 

161 

Total 

8 

12 

8 

12 

16 

3 

2 

1.66 

.30 
.04 
.15 
.16 
.61 
.13 
.18 
.12 

.28 

.08 
.08 
.02 

.07 
.04 

.02 

.36 

.19 
.02 

.16 
.01 
.04 

.01 

.81 

.14 

.41 
.06 
.18 
.09 

3646 

No.  III. 
Hani..r...... 

970 

Bs£s  (2) 

136 

Potatoes 

286 

Butter 

676 

Bread 

979 

Milk 

328 

Susrar 

300 

Oat  Meal 

232 

Total 

8 

2 

2 

16 

4 
2 
8 
8 
2 
8 

1.52 

.17 
.12 
•11 
.13 
.06 
.11 
.35 
.04 
.12 
.12 

.26 

.07 

.04 
.02 
.01 
.05 
.02 
.02 
.01 

.43 

.09 

.11 
.04 

.01 
.02 
.01 

.87 

.12 

.05 
.04 
,10 
.28 

.09 
.10 

3900 

No.  IV. 
Mutton  Roast. 

Sugar 

Butter 

550 
20O 
449 

Milk 

323 

Peas  (green).... 
Rice 

100 
204 
653 
136 
232 
163 

Bread 

BfffiTS  (2) 

Oat  Meal 

Potatoes 

Total 

— 

1.33 

.24 

.28 

.76 

3010 

74 
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Table  XL,  Continued. 


Amount  in 

Ounces. 

(Por  one 

day.) 

Dry 
Matter 

in 
Pounds. 

Nutrients. 

Pood 
Materials. 

Protein 
lbs. 

Pat 
lbs. 

Carbohyd- 
rates, 
lbs. 

Heat 
Units. 

No.  V. 
Bcicon 

4 
4 
12 
2 
2 
8 
4 
8 

.18 
.22 
.61 
.11 
.12 
.12 
.17 
.06 

.02 
.06 
.07 

.01 
.06 
.02 

.16 

.01 
.11 

.09 
.02 

.16 
.41 

.12 
.10 

.03 

696 

Beans 

397 

Bread 

Batter 

979 
460 

Snflrar 

200 

Potatoes......... 

163 

Cheese 

600 

JXAlIKa  •••■»■■••    ••••••• 

160 

Total 

6 

2 

2 

16 

12 

8 

o 

8 

1.49 

.08 
.12 
.11 
.13 
.61 
.06 
.12 
.12 
.06 

.24 
.06 

^^"•« 

.04 
.07 
.03 
.01 
.02 
.04 

.38 

.02 

.10 
.04 
.01 
.02 

.01 
.02 

.81 

.12 

.06 
.41 

.10 
.09 

8644 

No.  VI. 
Mackerel 

136 

Sugar 

Butter 

200 
449 

Milk 

1 

323 

Bread 

.  979 

EfiTCS  (3^ 

204 

Potatoes 

Oat  Meal 

Cottage  cheese 

163 
232 
160 

Total 

8 
6 

4 

12 

8 

-     4 

t 
1 

1.30 

.44 
.33 
.17 
.16 
.33 
.21 

1.64 

.27 

.04 
.09 
.07 
.02 
.06 

.23 
.02 
.08 

.01 

'         .21 

1 

.77 

.35 
.22 

.15 
28 

1.00 

2836 

No.  VII. 

Com  meal 

Beans 

824 
596 

Cheese 

600 

Potatoes 

240 

Bread 

660 

Butter 

9O0 

Total 

.27 

.32 

3719 

NOTES  ON  THE  COMPOSITION  OF  FOODS. 


Beef. — As  a  general  average  about  fifty  per  cent,  of  beef 
and  other  meats  is  water.  When  the  meat  is  very  lean  it 
contains  more  water  than  when  fat.  In  very  lean  round 
steak  sixty-six  per  cent,  as  purchased  is  water,  while  medi- 
umly  fat  round  steak  contains  about  sixty  per  cent,  water. 
As  a  rule,  the  parts  of  the  animal  which  contain  the  most  fat 
contain  the  least  water.  The  amount  of  refuse  materials,  as 
trimmings,  bones,  etc.,  ranges  from  three  to  sixty  per  cent, 
according  to  the  part  and  condition  of  the  meat.  The  refuse 
matter  in  ordinary  steaks  should  not  exceed  twelve  percent. 
The  water  and  refiise  matter  of  meat  make  up  about  sixty 
per  cent,  of  the  butchers'  weight.  It  frequently  exceeds  this 
amount.  Of  the  remaining  forty  per  cent.,  about  fifteen  per 
cent,  is  protein,  and  twenty-two  to  twenty-five  per  cent,  is 
fat.  The  amount  of  ash  or  mineral  matter  in  meat  rarely 
exceeds  one  per  cent.  Beef  varies  so  in  composition  that 
average  figures,  unless  applied  to  average  samples,  are  liable 
to  be  misleading. 

The  composition  of  beef  and  of  all  meats  depends  upon 
the  condition  of  the  animal.  When  in  a  very  lean  condition 
there  is  a  large  amount  of  refuse  matter,  and  the  meat  con- 
tains a  high  per  cent,  of  water.  Wherf'in  prime  condition, 
not  only  is  the  qualit>  of  the  meat  better,  but  the  meat  con- 
tains less  water  and  there  is  less  waste  and  refuse  matter. 
In  the  tables  of  analyses  the  composition  of  the  various  cuts 
of  meat  is  given.  The  figures  make  no  distinction  as  to  the 
physical  form  of  the  nutrients.  A  high  nutritive  value  is  as- 
signed to  many  of  the  cheaper  cuts  of  meats.  Although  the 
nutrients  in  the  cheaper  cuts  are  present  in  less  palatable 
forms,  the  total  nutrients,  as  a  rule,  exceed  the  amounts  in 
many  of  the  more  expensive  cuts. 

In  veal  there  is  less  fat  than  in  the  corresponding  parts 
of  beef    In  a  side  of  veal  there  is  about  six  per  cent,  of  fat. 
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while  in  an  average  side  of  beef,  as  purchased,  there  is  six- 
teen per  cent,  of  fat.  Veal  contains  more  water  than  beef. 
In  beef  there  is  not  so  large  a  proportional  amount  of  pro- 
tein as  in  veal.  As  a  general  rule  the  meat  from  old  animals 
contains  less  water,  more  fat,  and  less  protein  than  the  meat 
from  young  animals. 

Mutton. — The  average  amounts  of  refuse  matters  in  beef 
and  mutton  are  nearly  the  same.  The  refuse  matter  in  aside 
of  mutton,  as  purchased,  amounts  to  about  nineteen  per 
cent.,  in  beef,  18.3.  There  is  more  solid  matter,  as  a  rule,  in 
mutton  than  in  beef.  The  various  cuts  of  beef,  however, 
contain  a  little  more  protein  than  the  corresponding  cuts  of 
mutton.  Mutton  contains  more  solid  matter,  somewhat 
less  protein,  and  more  fat  than  beef. 

Poultry. — In  chickens  and  turkeys  the  refuse  and  waste 
materials  amount  to  about  a  third  of  the  butcher's  weight. 
The  lean  meat  of  all  fowls  is  rich  in  protein.  In  chickens 
and  fowls,  in  general,  the  fat  accumulates  in  various  parts 
of  the  body  rather  than  being  evenly  distributed  through  the 
tissues.  In  the  goose,  however,  the  amount  of  fat  usually 
exceeds  a  third  of  the  weight  of  the  body.  The  edible  por- 
tipn  of  poultry  contains  more  protein  than  the  edible  portion 
of  beef.  Although  the  per  cent,  of  refuse  material  is  high, 
the  amount  of  protein  obtained  from  fowls  compares  very 
favorably  with  the  amount  obtained  from  beef. 

Pork. — The  per  cent,  of  water  in  pork  varies  according 
to  the  amount  of  fat  present.  The  higher  the  per  cent,  of  fat 
the  lower  the  per  cent,  of  water.  In  lean  salt  pork  about 
twenty  per  cent,  is  water;  in  fat  salt  pork  about  seven  per 
cent,  is  water.  In  ham  about  fifteen  per  cent.,  as  purchased, 
is  refuse.  In  bacon  there  is  about  eight  per  cent,  of  refuse 
and  waste.  The  amount  of  protein  in  pork  ranges  from  1.8 
in  salt  pork  to  about  15  per  cent,  in  ham;  the  fat  ranges 
from  25  percent,  in  shoulder  to  87  per  cent,  in  salt  pork. 
The  high  heat  producing  value  and  the  low  muscle-forming 
value  of  side  pork,  compared  with  other  meats,  are  indicated 
in  the  table.  A  side  of  pork,  as  purchased,  contains  about 
11  per  cent,  of  refuse,  26  per  cent,  of  water,  55  per  cent,  fat, 
7  per  cent,  protein,  and  .5  per  cent.  ash. 
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-FYsA.— About  half  of  the  butcher's  weight  of  fish  is 
refiise.  Fish  contains  a  very  high  per  cent,  of  water.  The 
edible  portion  of  all  fish  is  about  three-fourths  water.  Not- 
withstanding the  fact  that  such  a  large  proportion  of  fish  is 
refuse  and  water,  the  per  cent,  of  protein  is  relatively  quite 
high.  In  the  edible  portion  of  fish  there  is  about  the  same 
amount  of  protein  as  in  the  edible  portion  of  lean  meat.  The 
amount  of  fat  is  small  in  cod  and  *' white  fleshed  fish/'  and  in 
salmon  it  is  about  the  same  as  in  beef.  In  salted  fish  there 
is  less  water  than  in  the  same  kind  of  fi'esh  fish. 

Eggs, — About  three-quarters  of  the  entire  egg  (shell  re- 
moved) is  water.  The  shell  makes  up  about  10  per  cent,  of 
the  weight  of  the  egg.  About  15  per  cent,  of  the  egg  is  pro- 
tein and  10  per  cent  is  fat.  There  is  a  marked  diflerence  be- 
tween the  composition  of  the  white  and  the  yellow  parts  of 
the  egg.  The  yolk  contains  50  per  cent,  water  while  the 
white  contains  87  per  cent,  water.  '  The  yolk  contains  about 
31  per  cent,  of  fat  and  15  per  cent,  of  protein.  There  is 
aBout  the  same  amount  of  water  in  eggs  as  in  potatoes;  the 
potato  is  a  type  of  starchy  food,  while  the  egg  is  a  type  of 
proteid  food. 

Cheese. — Cheese  is  a  concentrated  form  of  food  rich  in 
both  protein  and  fat.  The  food  value  of  cheese  is  generally 
uiaderestimated.  Cheese  contains  about  35  per  cent,  of  fat 
and  28  per  cent,  of  protein.  A  pound  of  cheese  is  more  than 
equal  in  food  value  to  a  pound  and  a  half  of  the  best  sirloin 
steak.  Cheese  is  sometimes  spoken  of  as  indigestible;  cheese 
may  be  slow  of  digestion  but  it  is  not  indigestible.  Experi- 
ments have  shown  that  nearly  all  of  the  protein  of  cheese 
and  ninety-five  per  cent  of  the  fat  is  digestible.  Experiments 
given  by  Koenig  show  that  cheese  has  a  very  beneficial 
effect  upon  the  digestibility  of  other  foods.  The  diges- 
tibility of  the  protein  of  maize  (corn)  meal,  for  example,  was 
found  to  be  58  per  cent.  When  cheese  was  added  to  the 
maize  meal  the  digestibility  of  the  protein  of  the  ration  was  93 
per  cent.  There  is  no  question  but  what  more  cheese  could  be 
used  to  advantage  in  our  rations,  Cheese  is  not  a  luxury, 
but  is  one  of  the  cheapest  and  best  of  our  food  articles. 

Milk,— Milk  is  one  of  the  best  types  of  what  may  be 
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termed  a  well-balanced  food.  A  hundred  pounds  of  milk 
contain  about  thirteen  pounds  of  solid  matter.  The  solid 
matter  is  composed  of  fat,  protein,  in  the  forms  of  casein 
and  albumin,  milk  sugar  and  mineral  matter.  The  most 
variable  nutrient  in  milk  is  fat,  the  other  nutrients  vary  but 
little  in  different  samples  of  normal  milk.  In  dietary  studies 
by  Professor  Jordan  at  the  Maine  State  College  the  value  of 
milk  is  given  as  follows:  **The  dietaries  in  which  milk  was 
more  abundantly  supplied  were  somewhat  less  costly  than 
the  others  and  at  the  same  time  were  fully  as  acceptable. '* 
''These  results  indicate  that  milk  should  not  be  regarded  as 
a  luxury,  but  as  an  economical  article  of  diet,  which  families 
of  moderate  income  may  freely  purchase  as  a  probable  means 
of  improving  the  character  of  the  dietary  and  of  cheapening 
the  cost  of  their  supply  of  animal  foods.*' 

Wheat  Flour. — The  variations  in  the  composition  of 
wheat  f^o^r  are  quite  pronounced.  As  a  rule  flour  contains 
about  twelve  per  cent  water;  there  is  more  water  in  flour 
than  in  the  wheat  from  which  the  flour  is  made.  The  pro- 
tein in  flour  ranges  from  7  to  14  per  cent,  according  to  the 
quality  of  the  wheat,  and  the  method  of  milling  employed. 
In  flour  made  by  the  roller  process  there  is  about  12.50  per 
cent  protein.  For  bread  making  purposes,  the  quality  of 
the  gluten  which  forms  the  larger  portion  of  the  protein,  is 
very  important.  The  composition  of  gluten,  and  its  in- 
fluence upon  the  character  of  the  bread  product,  are  discussed 
in  a  preceding  article  in  this  bulletin.  The  per  cent  of  ash  in 
flour  ranges  from  .3  to  .9;  in  the  lower  grades  of  flour  the 
per  cent  of  ash  is  the  highest.  The  amount  of  starch  and 
starch-like  bodies  ranges  from  68  to  75  per  cent.  The  differ- 
ence in  composition  between  spring  wheat  and  winter  wheat 
flour  is  a  difference  mainly  in  the  character  of  the  gluten;  as 
a  rule,  however,  there  is  a  little  more  protein  in  spring  wheat 
than  in  winter  wheat  flour. 

Buckwheat  flour  is  quite  different  in  general  composition 
from  wheat  flour.  Buckwheat  flour  contains  more  starch 
and  less  protein  than  wheat  flour. 

Com  meal  contains  less  protein  than  wheat  flour,  but 
more  than  buckwheat  flour.    Com  meal  is  frequently  so 
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much  cheaper  than  flour  that  a  given  sum  of  money  expended 
in  com  meal  will  procure  more  total  nutrients  than  the  same 
amount  of  money  expended  in  flour.  When  used  for  human 
food,  com  meal  should  be  combined  with  foods  rich  in  pro- 
tein so  as  to  form  a  well  balanced  ration.  There  is  no 
material  diff*erence  in  composition  between  yellow  and  white 
com  meal.  It  is  a  difference  simply  in  coloring  matter, which 
is  present  in  the  yellow  meal  and  not  present  in  the  white 
meal. 

Oat  meal  is  a  food  which  is  richer  in  protein  than  either 
com  meal  or  flour.  In  oat  meal  there  is  about  1  part  of  pro- 
tein to  every  5%  parts  of  non-proteid  material,  which  is 
about  the  right  proportion  for  a  well  balanced  ration.  Some 
of  the  breakfast  food  preparations  on  the  market  contain 
less  in  the  way  of  nutrients  than  the  prices  which  are  charged 
for  them  warrant.  Particularly  is  this  true  of  the  prepar- 
ations made  from  the  starchy  parts  of  com.  The  oat  starch 
grain  is  quite  different  in  structure  from  the  starch  grain  of 
other  cereals.  It  is  a  compound  starch  grain,  made  up  of 
segments,  which  necessitates  a  different  method  of  treatment 
in  the  way  of  its  preparation  as  food. 

Beans  and  Peas  are  vegetable  foods  which  are  very  rich 

in  protein.      In   a   pound    of   beans   there    is    one-fourth 

more  protein  than  in  a  pound  of  beef.    Peas  and  beans  are 

the  only  vegetable  foods  which  approach  in  composition  the 

protein  content  of  animal  bodies .    In  the  examples  of  rations 

given,  it  is  to  be  observed  that  in  some  of  the  rations,  quite 
a  large  proportion  of  the  protein  is  obtained  from  beans. 
Peas  and  beans  should  be  more  extensively  used  to  take  the 

Elace  of  expensive  meats.     But  few  experiments  appear  to 
ave  been  made  to  determine  the  digestibility  of  beans  or 
peas. 

Sugar  is  frequently  looked  upon  as  a  food  adjtmct  rather 
than  a  food.  Sugar  is  a  valuable  form  of  food.  Granulated 
sugar  is  about  99  per  cent  pure.  The  per  capita  consumption 
of  sugar  in  the  United  States  amounts  to  about  three  ounces 
per  day.  There  are  a  great  many  different  kinds  of  sugar,  a 
discussion  of  which  would  not  be  in  the  province  of  this 
bulletin.  Sugar  is  a  type  of  what  might  be  termed  a  one- 
sided food;  it  is  capable  of  producing  heat,  but  alone  can 
not  sustain  life.  Many  foods  as  carrots,  beets  and  com, 
contain  appreciable  amounts  of  sugar. 
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The  market  price  of  foods  is  never  regulated  according 
to  the  amount  of  nutrients  which  the  foods  contain.  It 
should  be  the  aim  of  the  purchaser,  and  the  farmer  as  well, 
to  both  buy  and  sell  human  food  products  according  to  their 
actual  food  values.  For  example,  round  beef  steak  is  10 
cents  per  pound,  and  eggs  are  10  cents  per  dozen,  which  is 
the  cheaper  and  better  food?  At  these  prices  will  it  pay  the 
farmer  to  sell  the  eggs  and  buy  beef?  In  order  to  answer 
this  question  it  is  only  necessary  to  calculate  the  amount  of 
nutrients  in  10  cents'  worth  of  each  food.  The  pound 
of  beef  steak  or  10  cents'  worth  of  steak  contains  .18 
pounds  of  protein,  .11  pounds  of  fat  and  produces  780  heat 
units.  .  Ten  cents'  worth  of  eggs  will  produce  .18  pounds  of 
protein,  .18  pounds  of  fat,  and  1080  heat  units.  The  same 
amount  of  protein  can  be  procured  in  either  the  eggs  or  beef, 
at  the  prices  stated,  but  in  the  eggs  over  a  half  more  fat  can 
be  obtained,  which  will  produce  300  more  heat  units  than  the 
beef,  which  makes  the  eggs  the  cheaper  food.  When  eggs  are 
the  same  price  per  dozen  that  beef  is  per  pound  the  eggs  are 
the  cheaper  food. 

When  comparing  two  foods  as  to  cost  and  food  value 
the  preference  should  be  given  to  the  food  containing  the 
most  protein.  Where  there  is  but  little  difference  as  to  the 
amount  of  protein,  the  preference  should  be  given  to  the  food 
containing  the  most  nutrients  in  the  form  of  fat  and  carbo- 
hydrates. Table  No.  XLI  gives  the  amount  of  nutrients 
which  can  be  procured  for  10  cents  when  the  various  animal 
and  vegetable  foods  are  at  the  prices  stated.  When  the 
prices  are  different  from  those  given  calculations  can  be  made 
to  correspond  with  other  prices. 

When  milk  is  5  cents  a  quart  and  round  steak  is  12  cents 
a  pound,  how  do  the  two  foods  compare  in  food  value?     In 
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two  quarts,  or  10  cents'  worth  of  milk  there  are  .15  pounds 

of  protein,  .17  pounds  of  fat,  .2  pounds  of  carbohydrates 

and  the  food  will  produce  1350  heat  units.     In  10  cents' 

worth  of  12-cent  round  steak  there  are  .15  pounds  of  pro- 
tein, .09  pounds  of  fat,  and  645  heat  units.     There  is  the 

same  amount  of  protein  in  each,  but  the  milk  contains  so 
much  more  of  the  other  nutrients  that  it  is  by  far  the  cheap- 
er and  better  food. 

When  sirloin  steak  and  mutton  chops  are  the  same  price 
per  pound,  10  cents  will  buy  a  little  more  protein  in  the  form 
of  beef,  but  the  10  cents'  worth  of  mutton  contains  more 
fat  which  produces  370  more  heat  units.  When  ham  and 
beef  are  the  same  price  per  pound  about  twice  as  much  pro- 
tein can  be  procured  in  the  form  of  beef,  while  the  10  cents' 
worth  of  ham  contains  about  twice  as  much  fat  as  the  beef. 
The  high  food  value  of  cheese  is  also  indicated  in  the  table. 
When  cheese  and  beef  are  the  same  price  per  pound,  cheese  is 
by  far  the  cheaper  food.  Cheese  at  18  cents  per  pound,  is  as 
cheap  a  food  as  beef  steak  at  12  cents  per  pound.  The  food 
value  of  beans  is  particularly  worthy  of  notice,  ^t  5  cents 
per  pound  more  protein  can  be  obtained  in  the  form  of  beans 
than  in  any  other  food.  It  sometimes  happens  that  when  a 
given  sum  of  money  is  expended  in  purchasing  two  food 
articles,  more  nutrients  and  a  better  balanced  ration  can  be 
obtained  than  if  the  money  were  all  expended  for  one  food 
article. 

From  the  table  it  will  appear  that  at  ordinary  prices 
-eggs,  milk,  cheese,  wheat  flour,  oat  meal,  com  meal,  pota- 
toes and  beans  are  among  the  cheapest  foods  as  far  as  ac- 
tual food  value  is  concerned. 
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TABLE  HO.  XLI.— The  Cost  of  Food.— Hutriente  Obtained  for  Ten  Cents  When 

Food!  Are  at  Different  Prloei. 

(Prom  1894  Year  Book  Dept  of  Agr.) 


Food  Materials  as 
Purchased. 

Animal  Poods. 

Prices 

per 
Pound. 

Cents. 

Total 
Pounds. 

Ten  Cents  will  Buy 
Nutrients. 

Fuel 

Protein 
Pound. 

Fat 
Pound. 

Carbo- 

hyd- 

rates. 

Pound. 

value 
Calo- 
ries. 

Beef: 
Neck 

4 
6 
6 
10 
12 
15 
18 
10 
12 
15 

8 
10 
15 
20 

5 

7 

10 

8 

12 

16 

12 

16 

8 

10 

6 

8 

12 

2.50 

1.67 

1.67 

1.00 

.83 

.67 

.56 

1.00 

.83 

.67 

1.25 

1.00 

.67 

.50 

2.00 
1T43 
1.00 
1.25 
.83 
.63 

.83 

.63 

1.25 

1.00 

1.67 

1.22 

.83 

0.36 
.24 
.27 
.13 
.14 
.11 
.09 
.18 
.15 
.12 

.21 
.17 
.11 
.08 

.26 
.19 
.18 
.16 
.11 
.08 

.06 
.04 
.16 
.04 

.18 
.18 
.09 

0.28 
.19 
.18 
.21 
.16 
.13 
.10 
.11 
.09 
.07 

.11 
.09 
.06 
.04 

.817 
•26 
.19 
.39 
.26 
.19 

.31 
.24 
.41 
.69 

.08 

• 

1825 

do 

1220 

Shoulder... 

1270 

Rib 

1140 

Sirloin 

do      

do      

916 
735 
605 

Ronnd 

do 

780 
645 

do    

525 

Veal: 
Shoulder 

845 

do     '. 

675 

Loin  fchoDs) 

445 

do     

335 

Shoulder 

2050 

1465 

do      

1025 

Loin   fchoDs) 

1935 

do     

1285 

976 

Pork: 
Smoked  ham 

1430 

do       

1090 

Smoked  shoulder 

2030 

Salt  oork.  fat 

2995 

Pish: 

Presh  cod,  dressed 

do        

340 
256 

Presh  mackerel,  dr's'd. 

300 
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Table  No.  XLI.—Continued. 


Pood  Materials  as 
Purchased. 

Animal  Poods. 

Prices 

per 
Pound. 
Cents. 

Total 
Pounds. 

^en  Cents  will  Buy 
Nutrients. 

Protein 
Pound. 

Pat 
Pound. 

Carbo- 
hy- 
drates. 
Pound. 

Puel 
value. 
Calo- 
rics. 

Salmon 

26 

.40 

.06 

.04 

270 

Salt  mackerel 

8 

1.26 

.18 

.19 

1136 

OO                     ••••    •••■••■ 

12 

.88 

.12 

.13 

766 

SAit  cod.  drv 

6 

1.67 

.28 

.01 

626 

do             

8 

1.26 

.20 

.01 

896 

BffS«: 

10  cents  a  dozen 

1.60 
1.00 

.18 
.18 

.18 
.12 

1080 

16  cents  a  doxen 

720 

20  cents  a  dosen... 

.76 

.09 

.09 

640 

Milk: 

Sweet,  4  cents  a  quart 

2 

6.00 

.18 

.20 

.24 

1626 

do     6  cents  a  quart 

2% 

4.16 

.15 

.17 

.20 

1360 

Butter 

16 

.63 

.64 

2276 

do     

20 
26 

.66 
.46 

.43 
.34 

1897 

do 1. 

1683 

Cheese. 

Whole  milk 

10 
12 
16 

1.00 
.83 
.67 

.28 
.23 
.18 

.36 
.30 
.24 

.01 
.01 
.01 

1998 

do       

1666 

do       

1420 

Vegetable  Poods: 

Wheat  flour 

2 

6.00 

.66 

.06 

3.74 

8226 

do        

2% 

2 

3 

6 

6 

6 

6 

4.0O 
6.00 
8.38 
2.00 
2.00 
1.67 
2.00 

.44 
.46 
.50 
.16 
.22 
.16 

.04 
.18 
.24 
.01 
.02 
.22 

2.99 
3.66 
2.27 
1.69 
1.11 
1.16 
2.00 

6680 

Com  meal. 

8260 

Oat  meal 

6160 

Rice 

3260 

Wheat  bread 

2630 

Milk  crackers 

3366 

Sugar,  granulated 

3720 

Potatoes,  26  cts.  a  bu. 

2.40 

.42 

.03 

3.66 

7680 

Beans 

3 

3.33 

.74 

.06 

1.98 

6346 
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TABLS  HO.  XLII.— Oompo8itio&  of  Haman  Foods. 
(Prom  Bnlletlfls  Noa.  28  and  34,  Office  of  Bxpciiment  Stations.) 


Kind  and  Cut  of 
Meat. 

Animal  Poods. 

BBBP— Chuck  ribs: 

Bdible  portioflj 

As  purchased..' 

Loin: 

I 

Bdible  portloq 

As  purchased.; 

Neck: 

I 

Bdible  portion 

As  purchased 

Ribi: 

Bdible  portion 

As  purchased 

Round: 

Bdible  portion 

As  purchased 

Rump: 

Bdible  portion 

As  purchased 

Shank,  fore: 

Bdible  portion 

As  purchased 

Shank,  hind : 

Bdible  portion 

As  purchased 

Pore  quarter: 

Bdible  portion 

As  purchased 

Hind  quarter: 

Bdible  portion 

As  purchased 

Cooked,  com'd  &  cann'd 
As  purchased 


Refuse 
Per  Ct, 


Water 
Per  Ct. 


Nutrients. 


Water 

free 

sub- 

stauce 

Per  Ct. 


Protein 


Pat 


Per  Ct.:Per  Ct, 


Ash 
Per  Ct. 


Heat 
Units 
Calo- 
ries. 


67.8 

42.7  , 

17.4 

24.4 

13.8 

49.3 

36.9  ' 

16.0 

21.1 

60.6 

39.6 

18.3 

20.2 

13.0 

62.6 

84.4  ' 

1 

16.9 

17.6 

68.4 

1 
36.6  1 

19.2 

16.5 

27.6 

46.9 

26.6  ; 

1 

1 

13.9 

11.9 

66.4 

44.6 

16.9 

26.8 

20.8 

43.8 

36.4 

13.4 

21.3 

65.8 

34.2  : 

19.7 

13.6 

7.7 

60.7 

31.6 

18.1 

12.6 

66.7 

43.3 

16.8 

26.6 

21.4 

44.6 

34.1 

13.2 

20.2 

67.9 

32.1 

19.6 

11.6 

36.9 

42.9 

20.2 

12.3 

7.3 

67.8 

32.2 

19.8 

11.6 

63.9 

31.3 

14.8' 

9.1 

6.3 

61.4 

38.6 

17.6 

20.2 

19.4 

49.5 

31.1 

14.1 

16.3 

61.0 

39.6 

18.0 

20.1 

15.8 

61.3 

32.9 

16.2 

17.0 

53.1 

46.9 

28.6 

14.0 

.9 
.8 

1.0 
.9 

.9 
.7 

.9 
.7 

1.0 
.9 

.9 

.7 

.9 
.6 

.9 
.4 

.9 

.7 

.9 

.7 

4.4 


1366 
1170 

1190 
1040 

1066 
760 

1446 
1160 

936 
870 

1396 
1096 

866 
636 

866 
396 

1180 
950 

1185 
1000 

1120 
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Table  No.  XLIL— Continued, 


Kind  and  Cut  of 
Meat. 

Animal  Poods. 

BBBP— Continued. 
Pried  and  unioked: 
As  purchased 

VEAL— Leg,  whole: 

Bdible  portion..^ 

As  purchased 

Rump: 

Bdible  portion 

As  purchased 

Pore  quarter: 

Edible  portion. .^ 

As  purchased 

Hind  quarter: 

Edible  portion 

As  purchased....'. 

LAMB— Leg,  hind. 

Bdible  portion.: 

As  purchased 

Loin: 

Bdible  portion 

As  purchased 

Neck: 

Bdible  t>ortlon 

As  purchased 

Shoulder: 

Bdible  portion 

As  purchased 

MUTTON— Leg,  hind: 

Edible  portion 

As  purchased 

Loin: 

Bdible  portion 

As  purchased 


Refuse 
Per  Ct 


Water 

Per  Ct. 


Nutrients. 


Water 
free 
sub- 
stance 
Per  Ct. 


Protein 
Per  Ct. 


Pat 
Per  Ct, 


Ash 
Per  Ct. 


Puel 
value 
Per  Lb. 
Calo- 
ries. 


60.8 

70.4 

.  ia.6 

69  4 

62.6 

30.2 

43  7 

71.7 

24.5 

64..2 

•             , 

70.9 

20.7 

66.2 

63.9 

17.4 

62.9 

63.1 

14.8 

46.3 

66.7 

17.7 

46.7 

I 

61.8 

20.3 

41.3 

62.8 

18.0 

614 

.601 

16.3 

42.2 

49.2 

29.6 
25.0 

37.4 
26.1 

28.3 
21.3 

29.1 
23.1 

36.1 
29.7 

46.9 
39.9 

43.3 
36.6 

48.2 
38.4 

37.2 
30.6 

49.9 
42.6 


31.8 

20.1 
16.9 

20.1 
14. 

19.4 
14.6 

19.8 
16.7 

3  8.6 
16.2 

17.6 
16.0 

17.6 
14.4 

17.6 
14. 

18.2 
14.9 

16.9 
13.2 


6.8 

8.4 
7.2 

16.2 
11.3 

8.0 
6.0 

8.3 
6.6 

16.6 
13.6 

28.3 
24.1 

24.8 
20.4 

29.7 
23.6 

18.0 
14.9 

33.2 
28.6 


1.1 
.9 

1.1 
.8 

.9 

.7 

1.0 
.8 

1.1 
.9 

1.0 
.8 

1.0 
.8 

1.0 

.8 

1.0 
.8 

.8 
.7 


846 

730 
620 

1066 
736 

700 
625 

720 
57i) 

1040 
866 

1620 
1296 

1376 
1130 

1680 
1266 

llOO 
906 

1696 
1460 
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Table  No.  XLIL— Continued. 


Kind  and  Cut  of 
Meat. 

Animal  Poods. 


Refuse 
Per  Ct. 


Water 
Per  Ct 


Nutrients^ 


Water 
free 
sub- 
stance 
Per  Ct. 


Protein 
Per  Ct. 


Pat 
Per  Ct. 


Ash 
Per  Ct. 


Fuel 
ralue 
Per  Lb. 
Calo- 
ries. 


MUTTON— Continued. 
Necic: 
Edible  portion 


As  purchased 

Shoulder: 

Bdible  portion 

As  purchased 

Fore  quarter: 

Bdible  portion 

As  purchased 

Hind  quarter: 

Bdible  portion 

As  purchased 

Side,  without  tallow: 

Bdible  portion 

As  purchased 

PORK— Flank: 

Bdible  portion 

As  purchased 

Ham,  smoked: 

Bdible  portion 

As  purchased 

Shoulder,  fresh: 

Bdible  portion 

As  purchased 

Salt,  clear  fat: 
As  purchased 

Salt,  lean  ends: 

Bdible  portion 

As  purchased  

Bacon,  smoked: 

Bdible  portion 

As  purchased 


68.2 

28.4 

41.6 

61.9 

21.7 

48.5 

51.7 

21.1 

40.6 

54.8 

16.7 

46.6 

68.1 

19.2 

.   42.9 

69. 

71.2 

17. 

40.7 

14.4 

34.9 

57.5 

46.6 

30.4 

7.3 

19.9 

11.2 

17.6 

18.2 

8. 

16.8 

41.8 
30. 

38.1 
29.8 

48.3 
38.3 

46.2 
37.7 

46.9 
37.9 

41. 
11.8 

59.3 
50.7 

42.5 
23. 

92.7 

80.1 
71.2 

81.8 

« 

75.2 


16.3 

24.5 

1.0 

11.7 

17.6 

.7 

17.3 

19.9 

.9 

13.5 

15.6 

.7 

15. 

32.4 

.9 

11.9 

25,7 

.7 

16.2 

28.2 

.8 

13.5 

23.5 

.7 

15.4 

30.7 

.7 

12.5 

24.7 

.7 

17.8 

22.2 

1. 

5.1 

6.4 

.3 

15.5 

89.1 

4.7 

13.8 

38.4 

4. 

15.6 

26.1 

.8 

8.3 

14.8 

.4 

• 

1.8 

87.2 

3.7 

7.3 

67.1 

5.7 

6.5 

59.6 

5.1 

10.0 

67.2 

4.6 

9.2 

61.8 

4.2 

1886 
960 

1160 
910 

1646 
1305 

1490 
1245 

1580 
1275 

1265 
365 

1940 
1655 

1390 
760 

3715 

2965 
2635 

3020 
2780 


MLE  COMPOSITION  O^  FOOD. 


67 


Table  No,  XLIL-^ontinued. 


Kind  and  cat  of 
Meat. 

Animal  Poods. 


Refuse 
Per  Ct, 


Water 
Per  Ct 


PORK— Continued.  Side: 

Kdlble  portion 

As  purchased 

POULTRY— Chicken: 

Bdible  portion 

As  purchased 

Turkey: 

Bdible  portion 

As  purchased 

FISH,  fresh— Cod,  dried: 

Bdible  portion 

As  purchased 

M ackerel ,  entrails  rem  'd : 

Bdible  portion.... 

As  purchased 

Salmon,  Cal.,  sections: 

Bdible  portion 

As  purchased 

Salmon  Trout,  whole: 

Bdible  portion 

As  purchased 

Trout,  brook,  whole: 

Bdible  portion 

As  purchased 


11.2 


34.8 


22.7 


29.9 


40.7 


10.8 


PISH,  preserved. 
Cod.  salt: 


Bdible  portion 

As  purchased 

Mackerel,  salt: 

Bdible  portion 

As  purchased 

Salmon,  canned,  as  pur- 
chased  


5G.3 


48.1 


24.9 


22.9 


Nutrients- 


Water 

Iree 

sub- 

stace. 

Per  Ct. 


Protein 
Per  Ct. 


Pat 
Per  Ct. 


Ash 
Per  Ct. 


Fuel 
value 
Per  Lb. 
Calo- 
ries. 


29.4 
26.1 

74.2 
48.6 

66.6 
42.4 

82.6 
68.6 

73.4 
43.7 

63.6 
67.9 

69.1 
30. 

77.8 
40.4 

63.6 
40.3 

42.2 
32.6 

64.6 


70.6 
62.7 

26.8 
16.7 

44.6 
34.9 

17.4 
11.6 

26.6 
16.6 

36.4 
31.8 

30.9 
13.7 

22.2 
11.6 

46.4 
34.8 

67.8 
44.6 

36.6 


8.6 
7.6 

22.8 
14.8 

20.6 
16.7 

16.8 
10.6 

18.2 
11.4 

17.5 
16.1 

18.2 
7.7 

18.9 
9.8 

21.4 
16. 

22. 
17. 

20.1 


61.7 

.4 

64.8 

.4 

1.8 

1.2 

1.1 

.8 

22.9 

1.0 

18.4 

.8 

.4 

1.2 

.2 

.8 

7.1 

1.3 

3.5 

.7 

17.9 

1.0 

148 

.9 

11.4 

1.3 

6.4 

.6 

2.1 

1.2 

1.1 

.6 

.4 

24.6 

.4 

18.4 

22.6 

13.2 

17.4 

10.2 

11.6 

2.4 

2760 
2465 

600 
326 

1360 
1070 

310 
206 

640 
360 

1080 
926 

820 
986 

440 
230 

410 
316 

1360 
1060 

890 
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Table  No.  XLIL— Continued. 


Kind  and  Cat  of 
Meats.  • 

Animal  Poods. 


Refuse 
Per  Ct. 


Water 
Per  Ct. 


Nntiienta. 


Water 
free 
sub- 
stance. 
Per  Ct. 


Protefti 
Per  Ct. 


Pat 
Per  Ct. 


Ash 
Per  Ct. 


Puel 
Yalne 
Per  Lb. 
Calo- 
ries. 


PI8H,  preserved— Con. 

t 

Sardines^  canned «  as  pur- 
chased L .1. 

■  • 

SheirPish. 

I 

Clams,'  round: . 


Edible  pprtion. 

I 
As  purchiased... 


Oysters,  '"solids,,"  as  pur- 


chased  ; 

DAII^Y  PRODUCTS: 
Cheese— Chedder 

I 

Butter..., 

•MUk 

*Cream 

EGOS:! 
In  shell 
Edible  portion. 


'f 


66.4 

43.6 

26.3 

12.7 

6.6 

86.2 

13.8 

6.6 

.4 

2.7 

67.6 

28. 

4.6 

2.1 

.1 

.9 

88.3 

11.7 

6.1 

1.4 

.9 

33.00 

67.00 

28.00 

36.00 

4.00 

13.00 

87.00 

.60 

86.00 

1.6 

87.00 

13.00 

3.6 

4.00 

.7 

2.6 

20.0 

.6 

13.7 

63.1 

23.2 

12.1 

10.2 

.9 

73.8 

26.2 

14.9 

10.6 

.8 

1010 


216 
66 

286 

1999 

3600 

328 


666 
721 


*Milk  also  contains  4.8  per  cent,  carbohydrates.    The  fat  content  of  cream 
rans^es  firom  10  to  30  per  cent. 
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Table  No.  XLIL'-Continued. 


Vegetable  Poods. 


Refase 
Per  Ct. 


Water 
Per  Ct. 


Protein 
Per  Ce. 


Pat 
Per  Ct. 


Carbo- 

hy. 
d  rates. 
Per  Ct. 


Ash 
Per  Ct. 


Fuel 
value 
Per  Lb. 
Calo- 
ries. 


Wheat  flours,  meals,  etc. 

'Roller   process  flour 

Soriiifi:  wheat  flour 

Winter  wheat  flour 

Buckwheat  flour 

Com  meal,  bolted 

Oat  meal \ 

Rice - 

Rice,  boiled 

•White  bread 

•Graham  bread 

I 

I 

Crackers , 

Sngflr,  £rr&nUlated 

SugiLr,  maple 

Vegetables*— Asparagus: 
As  purchased 

Beans,  dried. 
As  purchased 

Beets: 

Edible  portion < 

As  purchased , 

Cabbage: 

Bdible  portion 

As  purchased 

Carrots: 

Bdible  portion 

As  purchased 

Parsnips: 

Edible  portion 

As  purchased 

Peas,  dried: 
As  purchased 


1 
11.9 

12.6 

11.6 

11.8 

12.5 

10.4 

14.3 

6.1 

12.9 

8.9 

7.2 

15.6 

12.4. 

7.8 

52.7 

5.0 

dl.O 

9.9 

32.2 

9.5 

8.2 

10.7 

94.0 

1.8 

13.2 

22.3 

87.6 

1.6 

ito.o 

70.0 

1.3 

90.3 

2.1 

16.0 

76.8 

1.8 

88.2 

1.1 

20.0 

70.5 

.9 

79.9 

1.7 

20.0 

63.9 

1.3 

10.8 

24.1 

.8 
1.1 
1.0 
1.0 
2.2 
7.3 
.4 
.1 
1.4 
2.5 
9.9 


.2 

1.8 

.1 
.1 

.4 
.3 

.4 
.3 

.6 
.6 

1.1 


74.3 

.4 

75.0 

.5 

75.6 

.5 

77.2 

1.4 

75.1 

.9 

68.0 

1.9 

79.0 

.4 

41.9 

.8 

67.1 

.6 

54:7 

1.1 

68.8 

2.4 

98.0 

• 

82.8 

33 

.7 

69.1 

3.6 

9.6 

1.1 

7.7 

.9 

5.8 

1.4 

.4.9 

1.2 

9.2 

1.1 

7.4 

16.1 
12.9 

61.5 


.9 

1.7 
1.4 

2.5 


1650 
1660 
1640 
1590 
1655 
1860 
1680 
875 
1306 

1895 
1600 
1540 

105 

1590 

210 
170 

165 
140 

210 
170 

365 
285 

1640 


•From  Minnesota  Analyses. 
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Table  No.  XLTI.—Concluded. 


Vegetable!. 


Refuse 
Per  Ct. 


Water 
Per  Ct. 


Protein 
Per  Ct. 


Pat 
Per  Ct. 


Carbo- 
^by. 
drates. 
Per  Ct. 


Aah 


Fuel. 
Talue 
Per  Lb. 


Per  Ct.    Calo- 
ries. 


Peas,  green: 

Bdlble  portion 

As  purchased 

Potatoes,  raw. 

Bdible  portion 

As  purchased 

Potatoes,  sweet: 

Bdible  portion 

As  purchased 

Squash: 

Bdible  portion 

As  purchased 

Turnips: 

Bdible  portion 

As  purchased 

Tomatoes: 

Bdible  portion 

Green  corn 

Cucumber 

Spinach 

Sauerkraut 


78.1 

50.0 

39.0 

78.9 

16.0 

67.1 

69.3 

16.0 

68.9 

86.6 

50.0 

43.3 

88.9 

30.0 

62.2 

96.0 

81.8 

96.0 

02.4 

86.3 

4.4 

2.2 

2.1 
1.8 

1.8 
1.5 

1.6 
.8 

1.4 
1.0 

.8 
2.8 

.8 
2.1 
1.5 


.5 

161 

.9 

.3 

8.0 

.5 

.1 

18.0 

.9 

.1 

15.3 

.7 

.7 

27.1 

1.1 

.6 

23.1 

.9 

.6 

10.4 

.9 

.3 

5.2 

.4 

.2 

8.7 

.8 

.1 

6.1 

.0 

.4 

2.5 

.3 

1.1 

14.1 

.7 

.2 

2.5 

.5 

.5 

3.1 

1.9 

.8 

4.4 

7.0 

400 
200 

380 
325 

665 
480 

245 
125 

195 
135 

80 
360 

70 
120 
145 
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Locusts,  grasshoppers,  cockroaches,  crickets  and  similar 
insects  are  all  injurious  to  agriculture  and  allied  pursuits, 
and  frequently  destroy  not  alone  the  crops  of  a  farm,  but 
those  of  entire  counties  and  even  states.  As  a  knowledge  of 
the  structure,  habits,  etc.,  greatly  assists  us  in  combatting 
this  enemy,  it  is  very  important  that  everyone  interested  in 
the  various  branches  of  agriculture  should  be  thoroughly 
familiar  with  these  small  foes,  and  for  this  reason  the  fol- 
lowing pages  were  prepared.  They  contain  the  description 
of  the  habits  of  the  most  destructive  species  of  locusts, 
and  also  give  the  proper  methods  to  combat  them, 
A  short  description  of  the  structure  of  one  species  is  given, 
as  well  as  illustrated  descriptions  of  nearly  all  orthopterous 
insects  known  to  exist  in  Minnesota. 

The  descriptions  of  many  of  the  insects  given  are  taken 
from  a  number  of  sources,  but  mainly  from  the  excellent 
works  of  Scudder,  Comstock,  Fernald,  Beutenmueller,  Morse, 
Blatchley,  and  McNeill;  needed  material,  books,  etc.,  were 
kindly  loaned  by  Professors  Forbes,  Garman,  Osborn  and 
others.  The  illustrations  were  made  bv  the  assistant  of  the 
writer,  Mr.  E.  B.  Forbes,  who  deserves  especial  thanks  for  his 
faithful  work,  by  Miss  Lydia  M.  Hart,  and  by  W.  T.  Shaw,  a 
student  of  the  Agricultural  College,  who  made  the  drawings 
of  the  anatomical  details.  A  few  others  were  kindly  loaned 
by  Dr.  L.  0.  Howard,  chief  of  the  Entomological  Division  of 
the  Department  of  Agriculture.  The  illustrations  in  the 
first  part  of  the  bulletin  were  bought  from  the  late  Prof.  C.  V. 
Riley. 

The  Art  Engraving  Co.,  of  St.  Paul,  prepared  the  illus- 
trations for  the  printer,  and  deserves  credit  for  its  good 
work. 

It  is  the  pleasant  duty  of  the  entomologist  to  express  his 
sincere  thanks  to  all  persons  who  have  aided  him  in  the 
preparation  of  this  bulletin. 

Otto  Lugger. 
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Onward  they  come,  a  dark,  t 

Of  congregated  mj-riads  numl)cr1ess, 

The  rushing  of  whose  wings  was  as  the  soui 

Of  a  broad  river,  headlong  in  its  course 

Plunged  from  a  mountain  summit,  or  the  ro 

or  a  wild  ocean  in  the  autumn  storm. 

Shattering  its  billows  on  a  shore  of  rocks. 
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It  is  well  known  to  all  farmers,  gardeners,  fruit-growers 
and  others  that  locusts,  or  grasshoppers,  and  all  their  allies, 
are  the  worst  enemies  they  have  to  fear  and  to  combat, 
especially  if  they  belong  to  the  migratory  species  and 
occur,  as  is  usually  the  case,  in  vast  numbers.  Our  state 
is  so  situated  that  armies  of  these  devouring  insects  can  be 
expected  from  time  to  time,  and  it  is  well  to  be  always  pre- 
pared. Since  we  possess  a  large  number  of  native  species  of  lo- 
custs, grasshoppers,  cockroaches,  etc.,  besides  the  migratory 
locusts,  it  is  well  that  not  alone  the  agriculturist,  but  all  en- 
gaged in  producing  food  and  dealing  in  such  should  be  able 
to  distinguish  between  them,  and  for  this  purpose  all  the 
species  known  to  occur  in  Minnesota  have  been  described, 
and,  if  necessary,  illustrated.  All  locusts,  in  fact  all  orthop- 
terous  insects  found  in  our  state,  are  more  or  less  injurious, 
because  all  live  mainly  from  plants,  some  of  which  we  grow 
for  our  own  use ;  but  some  species  are  moredestructive  than 
others,  as  they  prefer  cultivated  crops,  and  the  farmers 
should  be  able  to  recognize  such  insects  at  a  glance. 

In  the  First  Annual  Report  of  the  U.  S.  Entomological 
Commission  we  can  find  an  excellent  description  of  the  de- 
structive power  of  locusts,  and  many  of  our  farmers  know 
to  their  cost  how  correct  this  description  is.  No  one  who 
has  not  witnessed  the  ravaging  power  of  locusts  can  fully 
conceive  of  or  appreciate  it.  The  organization  and  habit  of 
the  typical  locust  admirably  fit  it  for  ravenous  work.  Mus- 
cular, gregarious,  with  powerful  jaws,  and  ample  digestive 
and  reproductive  systems ;  strong  of  wing  and  assisted  in 
flight  by  numerous  air  sacs  that  buoy — all  these  traits  con- 
spire to  make  it  the  terrible  engine  of  destruction  which  his- 
tory shows  it  to  have  been  under  conditions  favorable  to  its 
excessive  multiplication.  Insignificant  individually  but 
mighty  collectively,  locusts  fall  upon  a  country  like  a  plague 
or  a  blight.    The  farmer  plows  and  plants.    He  cultivates 
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in  hope,  watching  his  growing  grain,  in  graceful,  wave-like 
motion  wafted  to  and  fro  bv  the  warm  summer  \irinds.  The 
green  begins  to  golden ;  the  harvest  is  at  hand.  Joy  lightens 
his  labor  as  the  fruit  of  past  toil  is  about  to  be  realized. 
The  day  breaks  with  a  smiling  sun  that  sends  his  ripening 
rays  through  laden  orchards  and  promising  fields.  Kine  and 
stock  of  every  sort  are  sleek  with  plenty,  and  all  the  earth 
seems  glad.  The  day  grows.  Suddenly  the  sun's  face  is 
darkened,  and  clouds  obscure  the  sky.  The  joy  of  the  mom 
gives  way  to  ominous  fear.  The  day  closes,  and  ravenous 
locust-swarms  have  fallen  upon  the  land.  The  morrow 
comes,  and  oh !  what  a  change  it  brings !  The  fertile  land  of 
promise  and  plenty  has  become  a  desolate  waste,  and  old 
Sol,  even  at  his  brightest,  shines  sadly  through  an  atmos- 
phere alive  with  myriads  of  glittering  insects.  Falling  upon 
a  cornfield,  the  insects  convert  in  a  few  hours  the  green  and 
promising  acres  into  a  desolate  stretch  of  bare,  spindling 
stalks  and  stubs.  Covering  each  hill  by  hundreds ;  scramb- 
ling from  row  to  row  like  a  lot  of  young  famished  pigs  let 
out  to  their  trough ;  insignificant  individually,  but  mighty 
collectively,  they  sweep  clean  a  field  quicker  than  would  a 
whole  herd  of  hungry  steers.  Imagine  hundreds  of  square 
miles  covered  with  such  a  ravenous  horde,  and  one  can  get 
some  realization  ot  the  picture  presented  in  many  parts  of 
the  country  west  of  the  ^Mississippi  during  years  of  locust 
invasion.  Their  flight  may  be  likened  to  an  immense  snow- 
storm, extending  from  the  ground  to  a  height  at  which  our 
visual  organs  perceive  them  only  as  minute,  darting  scintil- 
lations, leaving  the  imagination  to  picture  them  indefinite 
distances  beyond.  It  is  a  vast  cloud  of  animated  specks, 
glittering  against  the  sun.  On  the  horizon  they  often  appear 
as  a  dust  tornado,  riding  upon  the  wind  like  an  ominous 
hail  storm,  eddying  and  whirling  about  like  the  wild,  dead 
leaves  in  an  autumn  storm,  and  finally  sweeping  up  to  and 
past  you  with  a  power  that  is  irresistible.  They  move  mainly 
with  the  wind,  and  when  there  is  no  \innd  they  whirl  about 
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in  the  air  like  swarming  bees.  If  a  passing  swarm  suddenly 
meets  with  a  change  in  the  atmosphere,  such  as  the  ap- 
proach of  a  thunder  storm  or  a  gale  of  wind,  they  come 
down  precipitately,  seeming  to  fold  their  wings,  and  fall  by 
the  force  of  gravity.  At  other  times,  in  alighting,  they  circle 
in  myriads  about  you,  beating  against  everything  animate 
or  inanimate;  driving  into  open  doors  and  windows;  heap- 
ing about  your  feet  and  around  your  buildings ;  their  jaws 
constantly  at  work  biting  and  testing  all  things  in  seeking 
what  thev  can  devour.  In  the  midst  of  the  incessant  buzz 
and  noise  which  such  a  flight  produces,  in  the  face  of  the 
unavoidable  destruction  everywhere  going  on,  one  is  bewil- 
dered and  awed  at  the  collective  power  of  the  ravaging  host, 
which  calls  to  mind  so  forcibly  the  plagues  of  Egypt.  The 
noise  their  myriad  jaws  make  when  engaged  in  their  work 
of  destruction  can  be  realized  by  any  one  who  has 
fought  a  prairie  fire,  or  heard  the  flames  passing  along  be- 
fore a  brisk  wind,  the  low  crackling  and  rasping  —  the  gen- 
eral effSsct  of  the  two  sounds  is  very  much  the  same.  Noth- 
ing, however,  can  surpass  the  prophet  Joel's  account  of  the 
appearance  and  ravages  of  these  insects. 

While  the  destruction  of  crops  by  the  winged  insects  is 
often  sudden  and  complete,  the  unfledged  insects  still  more 
effectually,  though  more  slowly,  denude  a.country  of  vegeta- 
tion, sometimes  rendering  the  ground  as  bare  and  desolate 
in  midsummer  as  it  is  in  the  Mississippi  Valley  in  midwin- 
ter. The  little  creatures  are  often  so  thick,  soon  after  hatch- 
ing, that  they  blacken  everything,  and  their  hopping,  as  one 
passes  through  a  field  or  piece  of  prairie,  gives  the  impres- 
sion, at  a  short  distance,  of  heat  flickering  in  the  air. 

Minnesota  has  been  frequently  visited  by  locusts  in  years 
previous  to  those  in  which  such  occurrences  were  historic- 
ally recorded,  and  the  traditions  of  the  Indians  mention  that 
these  insects  had  formerly  taken  possession  of  the  country, 
holding  it  for  seventeen  years,  and  that  in  times  past  they 
had  consumed  all  vegetation  as  far  east  as  Stillwater.    The 
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statement  made  by  Capt.  Jonathan  Carver  (in  his  "  Narra- 
tive" of  the  year  1766),  that  large  swarms  of  locusts  "in- 
fest these  parts  and  the  interior  colonies  and  oftentimes  do 
much  mischief,"  shows  that  such  occurrences  took  place  and 
were  repeated.  Ofcourseit  is  rather  difficult  to  say  what 
the  Captain  meant  by  ''these  parts,"  but  the  usual  applica- 
tion of  the  word  "interior"  is  to  the  regions  west  of  the 
Great  Lakes. 

The  visitation  of  Lord  Selkirk's  Red  River  colony  in 
1818  by  locusts  extended  to  portions  of  Minnesota.  In 
1830  and  1842  parts  of  the  state  were  overrun  by  locusts ; 
in  1849  they  were  found  in  vast  numbers  along  the  prairie 
regions  west  of  the  big  woods;  in  1857  locusts  destroyed  all 
the  crops  in  the  Red  River  Valley,  so  that  the  infant  colony 
did  not  have  any  grain,  but  was  obliged  to  live  by  hunting 
and  fishing.  The  papers  published  in  Minnesota  during  the 
summer  and  autumn  of  1856  are  full  of  accounts  of  invading 
swarms  of  locusts,  and  they  reached  the  region  lying  along 
the  Upper  Mississippi.  They  occurred  in  vast  numbers  at  the 
Chippewa  Agency  at  Gull  Lake  (Cass  county),  and  arrived 
at  Otter  Tail  Lake  on  July  24.  During  the  last  days  of 
August  they  reached  St.  Anthony.  Judging  from  the  ac- 
counts published  they  swept  over  the  whole  region  west  of 
the  big  woods.  The  records  of  the  hatching  swarms  of  1857 
are  still  more  numerous;  the  insects  caused  immense  dam- 
age, *' appearing  in  such  masses  as  to  crackle  beneath  the 
feet  of  persons  walking  over  the  prairies."  When  the}*^  left 
they  went  south  and  southeast,  **for  several  days  they  were 
high  in  the  air,  like  a  snowstorm."  From  1863  to  1877 
there  was  hardly  a  year  in  which  the  locusts  did  not  make 
themselves  noticeable  within  our  borders,  but  principally  in 
the  Red  River  Valley  when  not  heard  of  elsewhere.  The 
"oldest  inhabitant"  of  Moorhead,  Mr.  Robert  Probstfield, 
gave  the  following  years  in  which  locusts  appeared  in  that 
vicinity :  "  In  1863,  1864, 3  865  (in  1865  very  little  damage 
done;  not  numerous),  1866,  1867,  1869  (in  a  few  localities 
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bad,  in  others  less,  in  a  few  none),  in  1870,  1871,  bad,  1872, 
bad,  1873, 1874, 1875, 1876."  In  1877  the  young  locusts 
hatched  in  forty-two  or  more  counties,  lying  mainly  in  the 
southwestern  quarter  of  the  state,  the  area,  however,  hot 
reaching  the  southwestern  corner.  In  the  central  part  of  the 
egg-area  they  hatched  in  excessive  numbers.  A  portion  of  the 
eggs  were  destroyed  by  parasites,  or  at  least  failed  to  hatch. 
During  the  months  of  May  and  June  an  unusual  amount  of 
rainfall  delayed  or  even  prevented  hatching,  while  owing  to 
the  large  number  of  cool,  cloudy,  or  rainy  days,  on  which 
the  locusts  were  averse  to  eating,  the  wheat  attained  a  very 
luxuriant  growth,  becoming  every  day  less  capable  of  being 
injured.  Still  the  injury  was  considerable,  but  the  farmers 
and  citizens  were  battling  manfully  with  their  little  foes. 
For  a  time  the  prospect  in  Minnesota  was  gloomy,  but  the 
favorable  weather  together  with  the  substantial  aid  and  en- 
couragement of  the  governor,  Hon.  John  S.  Pillsbury,  and 
the  business  men  of  the  cities  and  towns  and  railroad  com- 
panies, induced  the  farmers  to  fight  the  battle  through.  In 
spite  of  all  this  the  locusts  were  so  numerous  in  some  coun- 
ties as  to  destroy  the  larger  part  of  the  wheat  crop,  and 
some  nineteen  counties*  in  all  lost  more  or  less;  still  the 
state  raised  a  fine  crop  of  wheat. 

The  locusts  that  hatched  in  Minnesota  commenced  to 
rise  late  in  June,  but  most  of  them  flew  from  July  1  to  July  7 
towards  the  northwest.    Later,  and  until  early  in  August,. 


*  Counties.  Acres. 

Kandiyoki 35,337 

Chippewa 15,638 

Wright 18,747 

Stearns 43,294 

Nicollet 6,151 

Pope 18,218 

Douglas 18,788 

Swift 13,318 

Otter  Tail 30,711 

Stevens 8,106 

Grant 6,470 


Counties.  Acres. 

Todd 6,868 

Renville 19,924 

Sibley 8,799 

McLeod 20,315 

Meeker 32,786 

Yellow  Medicine 12,700 

Brown 14,215 

Redwood 6,803 


Total,  19  Counties 337,188 
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the  wind  was  quite  changeable,  and  the  insects  seemed  to 
beat  about,  sometimes  going  northwest,  and  at  other  times 
retracing  their  course,  flying  southeast  and  south.  Towards 
the  middle  of  August  the  winds  became  more  constant  from 
the  northwest,  and  the  direction  of  flight  more  constant 
south  and  southeast,  until  all  the  healthy  locusts  had  left. 

Since  that  time  portions  of  the  state  were  twice  invaded 
by  this  species  of  locust,  viz.,  the  Migratory  Locust  (Afe/a- 
noplus  spretus).  Thehistory  of  both  invasions  has  been  given 
in  former  bulletins,  and  only  the  essential  points  will  be  re- 
peated. It  seems  that  during  the  summer  of  1885  a  few 
struggling  specimens  of  this  migratory  locust  reached  Otter 
Tail  County  (Perham^.  Their  offispring  were  seen  again  in 
1886,  when  they  caused  but  very  slight  damage;  in  1887 
they  had  already  increased  to  such  an  extent  that  the  crops 
of  3,000  acres  were  swept  away.  In  1888  people  became 
alarmed  and  appealed  to  the  governor,  A.  R.  McGill,  for 
assistance.  Many  machines,  hopper-dozers,  were  used  to 
kill  the  enemy,  and  with  good  results.  Nearly  200  of  such 
machines  were  at  work,  each  having  a  superficial  surface  of 
over  4,800  square  inches.  The  men  operating  them  were 
requested  to  keep  a  measurement  in  inches  of  locusts  swept 
ofi* the  pans;  they  reported  from  two  to  twenty-one  inches 
daily,  which  would  make  about  5,000  bushels  of  dead  lo- 
custs, and  as  these  were  quite  small  at  the  time,  not  much 
larger  than  a  grain  of  oats,  it  takes  an  immense  number  to 
fill  a  bushel  measure.  At  Perham  another  method  was 
adopted  by  the  citizens,  who  offered  a  bounty  of  one  dollar 
per  bushel.  The  quantity  of  locusts  caught  by  the  **  balloon 
hopper-catcher,"  the  invention  of  Mr.  A.  Maguire,  was 
astonishing,  and  14,643  bushels  were  caught  and  paid  for 
between  the  first  and  the  twenty-seventh  of  July.  As  it 
required  about  7,000  locusts  to  fill  a  bushel  measure, 
102,438,000  were  destroyed  by  this  means  alone.  All  told 
about  35,000  bushels  of  locusts  were  killed  in  Otter  Tail 
county  before  they  had  caused  very  great  loss. 
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In  1889  about  the  same  area  was  infested,  but  as  money 
had  been  appropriated  by  the  legislature  to  combat  the  in- 
sects before  they  were  hatched,  no  loss  was  caused  by  them. 
Instead  of  depending  alone  upon  ** hopper-dozers'*  and 
** balloon- catchers,"  the  fields  that  were  found  to  be  filled 
with  eggs  were  deeply  plowed.  Other  remedies  were  also 
applied,  as  will  be  mentioned  in  the  proper  place.  In  all 
6,361.59  acres  were  plowed,  and  with  most  excellent  results. 

In  1891  another  invasion,  on  a  smaller  scale,  took  place. 
This  time  parts  of  the  Red  River  Valley  were  invaded,  not 
alone  by  the  Rocky  Mountain  Locust,  but  also  by  two  other 
species  of  migratory  kinds,  the  Lesser  Migratory  Locust 
{Melanoplus  atlanis),  and  the  Pellucid  Locust  {Camnula 
pellucida).  By  the  immediate  use  of  hopper-dozers  and  other 
means  farmers  succeeded  in  preventing  serious  loss,  and 
being  forewarned  they  plowed  every  field  that  was  even 
suspected  of  containing  eggs,  and  on  this  account  no  locijsts 
appeared  in  1892. 

Since  that  time  (1891)  the  state  has  been  free  of  this 
dreaded  insect,  but,  as  may  be  judged  from  the  history  of 
invasionsjust  given,  our  farmers  can  not  expect  that  these 
migratory  locusts  will  not  again  appear  in  the  future.  In 
fact,  our  state,  or  rather  portions  of  our  state,  are  uncom- 
fortably near  the  permanent  breeding  grounds  of  this  locust, 
which  extend  chiefly  along  the  eastern  Rocky  Mountain 
range,  from  longitude  102°  to  140°  west  of  Greenwich,  and 
from  latitude  53°  to  40°  north,  comprising  most  of  the 
levels  below  an  altitude  of  6,000  feet  and  above  3,000  feet. 
In  many  portions  of  this  area  they  breed  every  year,  and 
lead  an  essentially  migratory  existence.  This  permanent 
breeding  area  gradually  shades  into  a  sub-permanent 
region,  in  which  locusts  breed  more  or  less  frequently,  and 
which  is  liable  to  be  invaded  at  any  time,'  or  rather  when- 
ever the  insects  become  very  numerous  in  their  true  breeding 
grounds.  This  region  includes  a  large  portion  of  British 
America,    nearly    all   of  the  Dakotas,  Western   Nebraska, 
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Northwest  Kansas,  and  the  northern  half  of  Colorado. 
Although  Minnesota  may  be  said  to  be  located  in  the  tem- 
porary region,  i.  e.,  a  region  only  periodically  visited,  yet 
parts  of  onr  state  are  unpleasantly  near  the  boundary  or 
danger  line,  and  therefore  apt  to  be  OTerrun  by  hordes  of 
hungry  locusts,  and  such  has  been  frequently  the  case  as 
shown  above.  From  1863  to  1878  there  was  hardlr  a  vear 
in  which  locusts  did  not  occur  in  sufficient  nuipbers  to  injure 
the  crops  somewhere.  When  not  occurring  elsewhere  they 
were  surely  found  in  the  Red  River  Valley.  They  did  not 
breed  there  during  all  these  years,  but  sufficient  new  swarms 
came  from  the  Northwest  to  recruit  the  invading  army  and 
make  it  formidable. 

As  has  been  mentioned  before,  the  state  has  been  free  of 
the  Rocky  Mountain  Locust  since  1891.  At  present  the 
nearest  point  known  to  be  infested  with  this  insect  is  South 
Dakota,  and  farmers  living  near  the  boundary  line  should 
be  on  the  lookout. 

Besides  this  species,  frequently  also  called  the  ''Hateful 
Locust,"  two  other  kinds,  both  more  or  less  migratory, 
have  caused  much  injury.  One  kind,  the  Lesser  Migra- 
tory Locust  {Melanoplus  atlanis)  is  still  with  us;  at 
present  it  is  chiefly  confined  to  the  country  along  the  St.  Paul 
&Duluth  Railroad.  It  is  a  little  smaller  than  spretus,  though 
very  closeK''  resembling  it.  Its  wings  are  also  much  longer 
than  the  body,  which  enables  it  to  fly  long  distances.  This 
species  is  essentially  an  Eastern  one,  being  found  in  larger 
or  smaller  numbers  from  the  northern  part  of  Florida  to  the 
extreme  north  of  Eastern  United  States.  Like  the  hateful 
Western  locust  it  is  single-brooded  in  Minnesota;  it  matures 
more  rapidly,  becoming  winged  quite  early  in  July.  Eggs 
are  deposited  soon  afterwards,  and  oviposition  continues 
until  cold  weather.  This  insect  is  sometimes  called  the 
"White  Mountain  Locust,*'  from  the  fact  that  the  great 
losses  to  all  sorts  of  crops  sustained  in  different  regions  of 
New  England  from  locusts  are  almost  all  caused  by  this 
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insect.  As  a  full  account  of  it  has  been  given  |in  the  First 
Entomological  Report  of  Minnesota  (Bulletin  No,  43)  it  is 
not  "necessary  to  repeat  it  here.  The  illustration  (Fig.  1, 
d,  e,  f),  shows  this  species. 


c,  CKB-mu*;  /,  female;  h. 
Nktnral  aiir.     OrlglnHl. 


The  other  kind  of  migratory  locust  (Catnnula  pellucida) 
(Fig.  1, 1,  h)  is  no  hmger  found  in  Minnesota.  It  was,  how- 
erer,  with  us  since  the  autumn  of  1891,  and  caused    con- 


1 
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siderable  damage  together  with  atlanis.  Especially  the 
vicinity  of  Duluth  was  invaded  as  early  as  the  summer  of 
1891.  The  insects  became  very  numerous  and  caused  con- 
siderable damage  to  lawns  and  gardens  in  1892,  but  as  a 
parasite,  the  Tachina-fly  described  later,  became  still  more 
numerous  the  great  majority  of  the  intruders  were  killed. 
Still  a  large  army  of  these  migratory  locusts  appeared  in 
1893  and  caused  considerable  injury.  Quoting  from  the  re- 
port mentioned  above  the  two  species  of  locusts  found  so 
numerous  near  Duluth  acted  very  peculiarly.  As  is  well 
known  locusts  do  not  like  to  rest  upon  moist  ground,  but 
always  crawl  away  from  it  by  climbing  upon  higher  plants, 
or  fences  and  outhouses  if  such  are  near.  While  the  writer 
was  in  Duluth  it  rained,  and  consequently  the  locusts  tried 
to  escape  to  more  elevated  positions  than  the  wet  soil. 
They  did  so  by  crawling  upon  the  walls  of  houses,  which 
were  soon  covered  with  them.  Strange  to  say  nearly  all 
the  locusts  found  in  the  lower  part  of  the  city  were  members 
of  the  pellucid  species,  while  the  lesser  migratory  species 
could  only  be  found  near  or  upo^  the  tops  of  the  hills.  To 
express  this  fact  in  numbers,  1,000  locusts  were  caught  with 
a  net  on  the  front  of  a  house  on  Second  street,  and  were 
carefully  inspected ;  all  were  pellucid  locusts  (Camiii/Za />e/- 
lucida).  Another  1,000  wcere  captured  in  the  same  way  on 
Fourth  street :  880  were  pellucid  locusts,  92  were  the  lesser 
migratory  locusts  {atlantis),  and  24  were  the  common  red- 
legged  kind  (femur-rubram).  Still  another  1,000  were  cap- 
tured at  the  base  of  a  large  building,  the  Pavilion,  which  is 
located  on  the  top  of  the  hill  overlooking  the  wonderful 
scenery  of  Duluth  and  its  harbor.  Here  it  was  found  that 
972  specimens  belonged  to  the  lesser  migratory  species,  3  to 
the  pellucid,  and  25  to  the  red-legged  kind.  This  peculiar 
distribution  of  the  two  migratory  species  was  also  seen  else* 
where;  wherever  the  soil  was  moist,  or  near  water  or 
swampy  places,  the  pellucid  species  was  more  numerous. 
In  1894  both  species  of  locusts  became  ver\'  numerous 
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near  Duluth,  and  caused  considerable  damage  by  almost  de- 
nuding the  lawns  and  gardens.  They  were  at  first  most 
numerous  in  the  more  elevated  places  and  upon  the  slopes  of 
the  hills,  but  as  soon  as  the  food  became  scarce  in  these 
localities  the  locusts  invaded  the  lower  portions  of  the  city 
and  vicinity,  and  destroyed  almost  every  green  thing  in 
fields  and  gardens.  As  they  reached  their  adult  stage 
numerous  swarms  leTt  the  infested  region  in  search  of  feed- 
ing grounds,  and  became  thus  established  in  many  localities 
south  and  southeast  of  Duluth.  In  this  manner  the  region 
about  Pine  City,  Rush  City  and  Taylor's  Falls  became  in- 
fested. During  the  year  1895  some  230  hopper-dozers  were 
operated  near  the  places  mentioned  above,  which  required 
95  barrels  of  kerosene  oil.  The  work  was  commenced  rather 
late,  but  was  successfully  performed,  and  nearly  all  the  crops 
were  saved.  Of  course  the  use  of  hopper-dozers  is  only  a 
makeshift ;  the  proper  remedy  is  the  plowing  of  all  land  con- 
taining eggs,  as  will  be  explained  elsewhere.  In  1897  locusts 
were  again  rather  numerous  near  North  Branch,  but  only 
the  lesser  migratory  species  (at/an/s),  the  pellucid  one  hav- 
ing entirely  disappeared. 

Mr.  E.  B.  Forbes,  who  took  charge  of  the  work  in  the 
absence  of  the  entomologist,  reported  as  follows:  Mr.  Hov- 
ton,  of  North  Branch,  Isanti  Co.,  reported  on  June  17 
locusts  in  destructive  numbers  in  an  old  rye  field  belonging 
to  a  farm  not  in  operation.  The  field  had  not  been  plowed 
since  the  spring  of  1895.  The  locusts  had  spread  from  here 
in  all  directions  but  principally  across  a  road  to  the  south, 
and  into  fields  containing  rye  and  wheat.  At  that  place 
they  had  spread  over  200  acres,  and  commenced  to  cause  in- 
jury. The  farmers  were  very  much  excited,  and  had  hauled 
several  loads  of  straw  onto  the  grass  and  brush  separating 
the  old  field  from  the  growing  grain.  The  locusts  had  col- 
lected in  considerable  numberis  on  this  straw  and  many  were 
burned  with  it.  In  a  number  of  other  places  locusts  had 
also  hatched  in  large  numbers  in  old  and  unplowed  fields. 
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and  Spread  thence  to  cnltivated  grotmd.  Hon.  Aug.  Ander- 
son, of  Taylor's  Falls,  had  two  dozen  hopper-dozers  made 
at  that  place  and  shipped  to  North  Branch.  Here  these  ma- 
chines and  about  100  gallons  of  kerosene  oil  were  used  with 
good  results  for  a  short  time.  The  farmers  were  advised  in 
the  Isanti  county  papers  to  plow  all  fields  in  the  infested 
neighborhood. 

HOW  LOCUSTS  DEPOSIT  THEIR  EGGS. 

It  is  very  important  to  know  the  manner  and  localities 
in  which  eggs  are  laid  by  the  dififerent  kinds  of  locusts,  be- 
cause the  only  true  and  always  successfull  remedy  depends 
almost  entirely  upon  this  knowledge.  In  former  papers  the 
method  of  laying  eggs  by  the  Rocky  Mountain  Locust  was 
discussed,  but  it  is  best  to  repeat  and  enlarge  upon  what 
was  written  at  that  time.  The  following  figures  will  illus- 
trate the  method  of  egg-laying  better  than  words.  The 
holes  for  the  reception  of  the  eggs  are  made  by  means  of  two 
pairs  of  homy  valves  at  the  tip  of  the  abdomen  of  the  female 
(Fig.  2,  b  and  c).  These  open  and  shut  rapidly,  and  are 
well  adapted  to  execute  this  function.  The  female,  pressing 
the  tip  of  her  abdomen  forcibly  against  /T  /|\ 
the  soil,  rapidly  opens  and  shuts  these  1  g '^\V2[P77" 
hard  and  pointed  valves,  and  soon  pushes       •'^      Jn^// 

them  into  the  ground,  thus  drilling  a  hole.    \JJ •/fy'^'a^^ 

Fig.  3  illustrates  this  action,  and  the  vari-  pio.  2.  —  Rocky 
ous  positions  assumed  by  the  female  are   fountain  LocH«t--«. 

■^  ^  •*  ^  anal  characters  of  fc- 

plainly  indicated.  In  a  short  time  nearly  maic  sbowing  horny 
the  entire  and  greatly  extended  abdomen  X)'''''"^"  '''"" 
is  inserted  in  a  little  curved  arid  more  or  less  oblique  cavity. 
The  legs  are  hoisted  above  the  back  during  the  operation  of 
drilling  this  hole,  which  requires  more  or  less  time,  depend- 
ing entirely  upon  the  condition  and  character  of  the  soil. 
As  soon  as  the  hole  is  finished,  it  is  filled  with  a  frothy  and 
mucous  material.    Professor  Riley,  in  describing  the  method 
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of  laying  eggs,  writes:  "By  repeatedly  extracting  and 
studying  specimens  in  Cverj'  stage  of  oviposition,  we  have 
been  able  to  ascertain  the  exact  method  by  vrhich  the  egg- 
mass  is  formed.    If  we  could  manage  to  watch  a  female 


FIG.  S.— Rocky  Mountain  Locnit,  In  tbe  act  odaylns  ttS*-    (After  Riley). 

from  the  time  the  bottom  of  her  hole  is  moistened  by  the 
sebific  fluid,  we  should  see  the  valves  all  brought  together, 
when  an  egg  would  pass  down  the  oviduct  along  the  ventral 
side,  and,  guided  by  a  little  finger-like  style,  pass  in  between 
the  homy  valves,  and  issue  at  their  tips  amid  the  mucous 
fluid  already  spoken  of.  Then  follows  a  period  of  convul- 
sions during  which  more  mucous  material  is  elaborated, 
until  the  whole  end  of  the  body  is  bathed  in  it,  when  another 
egg  passes  down  and  is  placed  in  position.  These  alternate 
processes  continue  until  the  full  complement  of  eggs  are  in 
place,  the  number  ranging  from  twenty  to  thirty-five,  but 
averaging  about  twenty-eight.  The  mucous  matter  binds 
all  the  eggs  in  a  mass,  and  when  the  last  is  laid,  the  mother 
devotes  some  time  to  fiUingup  the  somewhat  narrower  neck 
■of  the  burrow  with  a  compact  and  cellular  mass  of  the 
»ame  material,  which,  though  light  and  easily  penetrated,  is 
more  or  less  impervious  to  water,  and  forms  a  Very  excellent 
protection.  When  fresh  the  mass  is  soft  and  moist,  but  it 
soon  acquires  a  firm  consistency. 
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To  the  casual  observer,  the  eggs  of  our  locust  appear  to 
be  thrust  iudiscriminately  into  the  hole  made  for  their  recep- 
tion. A  more  careful  study  of  the  egg-mass,  or  egg-pod, 
will  show,  however,  that  the  female  took  great  pains  to  ar- 
range them,  not  only  so  as  to  economize  as  much  space  as 
possible,  consistent  with  the  form  of  each  egg,  but  so  as  to 
best  facilitate  the  escape  of  the  young  locust;  for  if,  from 
whatever  cause,  the  upper  eggs  should  fail  to  hatch,  or 
should  hatch  later  than  the  lower  ones,  the  former  would 
offer  an  impediment  to  the  exit  of  the  young  in  their  en- 
deavor to  escape  from  these  last,  were  there  no  provision 
against  such  a  possibility.  The  eggs  are,  indeed,  most  care- 
fully placed  side  by  side  in  four  rows,  each  row  containing 
seven.  They  oblique  a  little  cross-wise  of  the  cylinder  {Fig, 
4,  a).  The  posterior  or  narrow  end,  which  issues  first  from 
the  oviduct,  is  thick- 
1  ened,  and  generally 

shows  two  pale 
rings  around  the 
darkertip(Fig.4, 6). 
This  is  pushed  close 
against  the  bottom 

'-"^bti" o w^ b'lJS'm  b?^«tb^    °^    ****     burrow, 
(AfurRiic7i.  Avhich,  being   cylin- 

drical, does  not  permit  the  outer  or  two  side  rows  to  be 
pushed  quite  as  far  down  as  the  two  inner  rows,  and  for 
the  very  same  reason  the  upper  or  head  ends  of  the  outer 
rows  are  necsesarily  bent  to  the  same  extent  over  the 
inner  rows,  the  eggs  when  laid  being  somewhat  soft 
and  plastic.  There  is  consequently  an  irregular  channel 
along  the  top  of  the  mass(Fig.  4,  c.)  which  is  filled  only  with 
the  same  frothy  matter  that  surrounds  each  egg,  which  mat- 
ter occupies  all  the  other  space  in  the  burrow  not  occupied 
by  the  eggs.  The  whole  plan  is  seen  at  once  by  a  reference 
to  the  accompanying  figure,  which  represents,  enlarged,  a 
side  view  of  the  mass  within  the  burrow  (a)  and  a  bottom 
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(6)  and  top  (c)  view  of  the  same,  with  the  earth  which  ad- 
heres to  it  removed. 

Bach  female  of  the  Rocky  Mountain  locust  lays  on  an 
average  about  three  egg-masses ;  this  is  done  at  intervals  ot 
two  weeks,  so  that  the  egg-laying  season  extends  from  six 
to  eight  weeks. 

The  egg  is  surrounded  by  a  shell  consisting  of  two  layers, 
of  which  the  outer  one  is  thin,  semi-opaque,  thus  producing 
the  creamy-yellow  color;  highly  magnified  it  appears  (Fig.  5. 
a)  densely  and  minutely  pitted  or  rather  marked  by  hexa- 
gonal concavities  (Fig.  5,  b).  The  inner  and  thicker  layer 
is  deep  yellow,  smooth  and  translucent,  so  that  the 
form  of  the  embryo  can  be  plainly  seen  when  maturing  in- 
side. The  outer  layer  is  quite  brittle,  but  the  inner  one  very 
tough,  requiring  astrong  pressure  to  rupture  it.  As  the  em- 
bryo within  matures  (Fig.  5,  c),  the  egg-shell  becomes  weak- 
ened, and  the  egg  plump  and  somewhat  more  transparent. 
By  the  muscular  efforts 
of  the  enclosed  insect,  but 
chiefly  by  thorns  arming 
the  hind  tibia,  Fig.  5,  e, 
the  shell  is  eventually 
broken,  and  the  young 
locust  pushes  its  way 
tlirough  the  reck  of  the 
burrow  tow  ard  s  the 
light. 

Nearly  all  the  eggs 
in  a  pod  hatch  at  the 
sametime,and  the  young- 
escape  through  the  small 
hole  left  for  this  purpose. 
When  the  young  insect 
reaches  the  surface  it 
is  quite  weak,  and  still 
surrounded  by  a  very  delicate  film,  which  has  to  be  first 
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removed  before  the  young  locust  can  jump  about.  By 
contracting  and  expanding  muscular  movements  this  en- 
veloping film  splits  along  the  middle  of  the  back,  near  the 
head,  and  is  gradually  pushed  backwards,  remaining  as  a 
white  crumpled  pellet  behind.  At  first  pale  and  colorless, 
the  young  locust  assumes  its  dark  color  in  the  course  of 
an  hour. 

From  this  account  of  the  hatching  process,  we  can  readily 
understand  why  the  female  in  ovipositing  prefers  compact 
or  hard  soil  to  that  which  is  loose.  Thfe  harder  and  less 
yielding  the  walls  of  the  burrow,  the  easier  will  the  young 
locust  crowd  its  way  out. 

Though  the  covering  which  envelopes  the  little  animal 
when  first  it  issues  from  the  egg  is  quite  delicate,  it  neverthe- 
less, in  the  struggles  of  hatching,  undoubtedly  affords  much 
protection,  and  it  is  an  interesting  fact  that  while,  as  we 
have  seen,  it  is  shed  within  a  few  minutes  of  the  time  when 
the  animal  reaches  the  free  air,  it  is  seldom  shed,  if,  from  one 
•cause  or  another,  there  is  a  failure  to  escape  from  the  soil, 
even  though  the  ypung  locust  may  be  struggling  for  days 
to  effect  an  escape. 

While  yet  enveloped  in  this  pellicle,  the  animal  possesses 
great  forcing  and  pushing  power,  and  if  the  soil  is  not  too 
compact,  will  frequently  force  a  direct  passage  through  the 
same  to  the  surface,  as  indicated  by  the  dotted  lines  (Fig,  4, 
^).  But  if  the  soil  is  at  all  compressed  it  can  make  little  or 
no  headway,  except  through  the  appropriate  channel  (Fig. 
4,  d).  While  crowding  its  way  out,  the  antennae  and  four 
front  legs  are  held  in  much  the  same  position  as  within  the 
-egg,  the  hind  legs  being  generally  stretched.  But  the  mem- 
bers bend  in  every  conceivable  way  and  where  several  insects 
areendeavoringto  work  through  any  particular  passage  the 
amount  of  squeezing  and  crowding  they  will  endure  is  some- 
thing remarkable.  Yet  if  by  chance  the  protecting  pellicle 
is  worked  off  before  issuing  from  the  ground,  the  animal 
looses  all  power  of  further  forcing  its  way  out.    The  in- 
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stinctive  tendency  to  push  upwards  is  also  remarkable.  In 
glass  tubes,  in  which  eggs  were  hatched  in  order  to 
watch  the  young,  these  last  would  always  turn  their  heads 
and  push  towards  the  bottom  whenever  the  tubes  were 
turned  mouth  downwards;  while  in  tm  boxes,  where  the 
eggs  were  placed  at  diflferent  depths  in  the  ground,  the 
young  never  descend,  even  when  they  were  unable  to  ascend 
on  account  of  the  compactness  of  the  soil  above. 

The  above  minute  account  of  the  manner  in  which  eggs  are 
laid,  and  how  the  young  are  enabled  to  reach  the  surface, 
plainly  indicates  one  good  method  by  which  the  hatching'of 
the  eggs  may  either  be  prevented  entirely,  or  by  which  the 
young  may  be  prevented  from  reaching  the  surface.  By 
plowing  the  fields  containing  eggs  of  the  Rocky  Mountain 
locust,  we  perform  two  operations:  first  of  all  we  remove 
the  eggs  from  near  the  surface  and  cover  them  with  five  or 
six  inches  of  soil;  secondly,  we  invert  the  position  of  the  hole 
containing  the  egg-mass,  so  that  instead  of  its  mouth  point- 
ing upwards,  it  now  points  downwards.  At  all  events,  the 
young  insects  are  prevented  from  reaching  the  surface,  if 
this  becomes  compacted  by  rain  and  snow.  Consequently  if 
we  plow  during  autumn  or  soon  after  the  eggs  are  laid  we 
are  safe ;  although  if  we  plow  in  the  spring  with  a  normal 
amount  of  rain,  we  also  effectually  prevent  their  hatching. 
Plowing  has  this  additional  advantage:  the  egg-masses 
in  many  cases  are  thoroughly  broken  up,  the  individual 
eggs  become  surrounded  by  earth  and  moisture,  and  being 
no  longer  protected  by  the  water-proof  coat  of  dried  mucous 
matter,  they  soon  rot  and  perish. 

To  repeat  again :  If  we  desire  to  get  rid  of  the  migratory 
species  of  locusts  now  infesting  several  places  in  the  state  it 
is  absolutely  necessary  to  plow  every  inch  of  the  cultivated 
ground  throughout  the  invaded  region  or  all  land  in  which 
eggs  have  been  laid. 

The  Lesser  Migratory  Locust  lays  its  eggs  in  essentially 
the  same  manner.    It  always  prefers,  however,  old  stubble 
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fields,  bare  spots  in  timothy  fields  and  neglected  and  dry 
pastures.  In  other  words  well  drained  spots  free  of  vege- 
tation, and  consequently  a  soil  free  of  roots,  are  preferred. 

The  Pellucid  Locust  has  different  habits  as  far  as  egg- 
laying  is  concerned.  The  females  of  the  pellucid  locusts  com- 
mence to  deposit  their  eggs  about  the  end  of  July,  usually  at 
least  fourteen  days  later  than  the  other  migratory  kinds. 
Their  method  of  doing  so  is  entirely  different.  As  a  general 
rule  they  select  for  this  purpose  pasture  land,  road  sides,  or, 
by  preference,  clearings  from  which  the  stumps  have  not  yet 
been  removed,  although  the  land  has  already  been  used  for 
crops.  In  such  places  large  numbers  of  eggs  are  deposited 
in  the  sod.  Usually  they  are  placed  right  upon  the  surface  of 
the  soil,  where  they  are  protected  by  the  grass  and  by  the  rub- 
bish found  in  such  situations  (Fig.  1,  b  and  c).  Occasionally 
the  eggs  are  deposited  just  beneath  the  surface,  but  only 
where  the  ground  is  sufficiently  loose  to  enable  the  insects  to 
do  so.  The  eggs  are  about  4  mm.  in  length,  and  1  mm.  in 
diameter;  they  are  slightly  curved  and  rounded  at  the  ends 
(Fig;  1,  a).  They  are  deposited  in  layers,  each  with  three  or 
four  eggs,  which  overlap  and  appear  somewhat  irregular 
(Fig.  1,  b).  These  diagonally  overlapping  layers  are  built 
up  until  an  elongated  cylindrical  mass  from  10  to  15  ram. 
in  length  is  formed.  This  whole  mass  of  eggs  is  protected 
by  awater-proof  coveringcomposed  of  bits  of  earth  cemented 
together  with  the  frothy  material  produced  by  the  mother 
insect  at  the  time  the  eggs  are  deposited  and  arranged  by 
her.  One  end  of  this  protective  layer  of  waterproof  material 
is  very  thin,  almost  or  entirely  open,  thus  affording  the 
young  and  w^eak  locust  an  easy  means  of  egress.  Each 
cylindrical  capsule  contains  about  twenty  eggs.  In  many 
places,  in  which  the  locusts  had  been  very  numerous, 
in  a  square  inch  of  sod  were  found  as  man^'  as  six  egg- 
masses,  which  means  17,000  eggs  to  the  square  foot,  enough 
to  make  crops  in  their  vicinity  a  very  problematical  affair. 
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REMEDIES  AGAINST  LOCUSTS. 

As  has  been  stated  before,  the  only  method  to  reduce  and 
destroy  these  injurious  insects,  that  promises  success,  is  the 
plowing  of  all  the  land  in  which  eggs  have  been  deposited. 
And  in  this  case,  as  in  so  many  others,  where  measures  are 
directed  against  destructive  insects,  concerted  action  is  all- 
important.  If  one  farmer  does  this  work  in  a  careful  man- 
ner, and  his  neighbor  refuses  to  plow  up  a  piece  of  meadow 
land  filled  with  eggs,  all  the  work  of  the  one  farmer  will  be 
more  or  less  performed  in  vain,  as  the  other  careless  one 
can  breed  upon  his  land  enough  locusts  to  destroy  the  crops 
of  many  of  the  surrounding  farms.  We  still  lack  laws  that 
in  a  case  like  this  can  force  the  negligent  farmer  to  do  his 
part  of  the  work  to  get  rid  of  such  dangerous  intruders,  and 
unless  such  laws  are  made  and  enforced,  no  uniformly  good 
results  can  be  expected  from  any  methods  that  might  be 
applied  to  rout  the  enemy. 

Since  the  method  employed  to  kill  the  locusts  depends  al- 
most entirely  upon  the  question:  Can  youqg  insects  reach 
the  surface  of  plowed  fields,  or  not  ?  It  wa§  very  important 
to  make  some  experiments  to  be  able  to  give  a  positive  re- 
ply to  that  question.  To  do  so  eggs  of  locusts  {sprctus  and 
atlanis)  were  planted  at  different  depths  in  flower  pots 
which  contained  soil  similar  to  that  from  which  the  eggs 
had  been  removed.  The  result  of  these  experiments  may  be 
learned  from  the  table  below. 
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All  the  eggs  experimented  with  were  in  pods,  which 
were  in  no  way  injured  or  broken. 

To  guard  against  any  lateral  movements  of  the  young 
locusts,  and  to  prevent  them  from  reaching  the  surface  of 
the  soil  near  the  sides  of  the  pots,  where  cracks  in  the  soil 
would  naturally  form  by  contraction  of  the  earth,  the  sur- 
face of  this  part  of  the  soil  was  covered  with  a  tight  fitting 
ring  of  oiled  cardboard.  All  the  egg-pods  were  carefully 
planted  in  or  near  the  center.  Lifting  up  later  the  ring  of 
cardboard,  many  locusts  were  found  under  it,  showing  that 
they  had  tried  hard  to  reach  the  surface  by  digging  in  a 
horizontal  direction  towards  the  least  compressed  soil. 

One  thousand  eggs,  either  single  ones  or  in  twos  and 
threes,  but  all  free  from  any  mucous  covering,  were  planted 
to  a  depth  of  one  inch  and  a  half.  The  soil  above  them  was 
gently  compressed  and  kept  moist.  Only  103  young  lo- 
custs managed  to  reach  the  surface.  As  this  happened 
while  the  writer  was  away  from  the  office,  he  can  not  be 
certain  whether  or  not  some  of  them  came  up  from  below 
the  ring  of  cardboard  near  the  inner  rim  of  the  flower  pot, 
this  board  having  warped  considerably  on  account  of  the 
moisture  of  the  soil. 

Early  in  July,  after  all  the  experiments  had  been  finished^ 
the  soil  from  the  various  flower  pots  was  thrown  into  a 
large  box  and  was  thoroughly  loosened  with  the  fingers. 
In  consequence  of  this  seven  young  locusts  made  their  ap- 
pearance, showing  that  some  of  the  eggs,  or  of  the  young 
insects,  had  retained  their  vitality  up  to  that  time. 

Plowing.  The  chief  and  safest  method  to  combat  lo- 
custs consists  in  plowing  the  land  known  to  contain  their 
^ggs.  By  carefully  investigating  the  suspected  fields  in  a 
number  of  places  an  approximate  knowledge  can  be  gained 
as  to  the  number  of  eggs  they  contain.  If  a  field  has  thus 
been  ascertained  to  contain  eggs  it  should  be  plowed  at 
least  five  to  six  inches  deep.  If  done  properly,  and  in  time,  the 
very  great  majority  of  eggs  are  prevented  from  hatching,  or 
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rather  the  young  locusts  hatched  are  prevented  from  reach- 
ing the  surface.  The  best  time  to  plow  the  fields  is  the 
autumn,  as  by  doing  so  the  surface  of  the  plowed  fields  be- 
comes hardened  by  the  rains  and  snows  of  winter,  and  tlie 
egg-pods  and  single  eggs  are  thoroughly  surrounded  by 
earth  washed  around  them.  Early  in  spring  is  also  a  good 
time,  providing  the  plowing  is  followed  by  the  usual  spring 
showers.  But  even  if  no  rain  should  follow  the  plowing  the 
more  or  less  violent  winds  of  spring  will  smooth  and  make 
the  soil  compact,  sufficiently  so  to  prevent  the  great  ma- 
jority of  young  locusts  from  reaching  the  surface.  Of  course 
the  plowing  must  be  done  thoroughly;  simply  scratching 
the  surface  of  the  infested  field  is  of  but  slight  use,  though 
even  then  many  egg-pods  are  torn  to  pieces  and  numerous 
of  the  now  unprotected  eggs  are  destroyed. 

If  large  fields  are  thus  plowed  we  secure  a nother  ad  vantage: 
in  case  locusts  should  reach  the  surface  they  find  no  food, 
and  before  they  can  walk  to  other  fields  covered  with 
plants,  they  starve. 

Plowing  is  an  excellent  remedy  even  after  the  locusts  have 
hatched  and  reached  the  surface.  In  such  a  case  plowing 
should  commence  at  the  outer  edge  of  a  field,  and  a  number 
of  plows  should  be  used  at  the  same  time,  the  plows  follow- 
ing each  other  as  closely  as  possible.  The  locusts  are  in 
this  manner  forced  towards  the  center  of  the  field,  where  a 
black  mass  of  struggling  insects  is  crowded  together.  But 
few  of  them  escape;  as  one  plow  makes  a  furrow,  this  is 
rapidly  filled  with  locusts,  the  following  plow  covers  them 
up,  and  most  are  buried  alive;  those  that  escape  this  fate 
have  to  starve,  and  only  a  few  near  the  edges  of  the  field 
can  save  their  lives. 

Burning. — In  many  places,  where  the  eggs  are  not  numer- 
ous enough  to  warrant  plowing,  all  theold  stubble  and  dead 
grass,  etc.,  should  be  preserved  until  the  locusts  hatch. 
After  plowing  around  such  fields  to  prevent  the  escape 
of   the    fire,    the  enclosed    space    can    be    burned     over 
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if  there  is  enough  fuel  to  do  so  thoroughly,  and  if  a 
fair  wind  is  blowing  at  the  time,  untold  numbers 
of  locusts  are  killed.  Whenever  straw  can  be  had 
it  is  wise  to  make  long  rows  of  such  material  across  the 
fields  and  thus  add  to  the  autodafe. 

'  Collecting  the  Eggs.— The  Rocky  Mountain  locust  pre- 
fers certain  places  for  the  purpose  of  depositing  the  eggs,  and 
such  places  are  easily  discovered.  If  this  is  the  case  the  eggs 
should  be  collected  and  destroved,  and  the  state  should  offer 
some  inducement  in  the  way  of  bounty  for  such  collection 
and  destruction.  Every  bushel  of  eggs  destroyed  is  equiva- 
lent to  a  hundred  acres  of  grain  saved,  and  when  we  consider 
the  amount  of  destruction  caused  by  the  young,  and  that  the 
ground  is  often  known  to  be  filled  with  eggs,  or  that,  in 
other  words,  the  earth  is  sown  with  the  seeds  of  future  de- 
struction, it  is  surprising  that  more  laws  have  not  been 
made  looking  to  their  extermination. 

One  of  the  most  rapid  ways  of  collecting  the  eggs,  espec- 
ially where  they  are  numerous  and  in  light  soil,  is  to  slice  off 
about  an  inch  of  the  soil  by  trowel  or  spade,  and  then  cart 
the  egg-laden  earth  to  some  sheltered  place,  where,  after 
being  allowed  to  dry,  it  is  sieved,  so  as  to  separate  the  egg- 
masses  from  the  dirt.  The  eggs  thus  collected  can  be  easily 
destroyed  by  throwing  them  into  deep  pits,  providing  the 
ground  is  packed  hard  on  the  surface.  In  Algeria,  a  country 
badly  infested  with  locusts,  the  soldiers  are  often  employed 
to  gather  eggs,  and  owing  to  a  bounty  paid  for  all  eggs  thus 
collected,  immense  numbers  of  them  are  gathered  and  de- 
stroyed.* The  same  is  the  case  in  southern  Russia.  In 
thickly  settled  regions,  where  labor  is  abundant  and  cheap, 
this  method  should  be  adopted. 

Poisoning. — There  are  cases  where  plowingcan  not  be  per- 
formed, notwithstanding  the  fact  that  numerous  eggs  have 
been  deposited  in  the  ground.  Frequently  old  timothy-fields 
are  badly  infested,  but  as  the  farmers  need  the  grass  for 

*Id  1897,  322  miles  of  ditches   were  constructed,  in  which  were  killed   270,000 
bnshels  of  young  locusts. 
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their  stock  such  fields  can  not  be  plowed.  The  same  is  true 
with  pastures.  In  this  case  it  is  best  to  poison  the  plants 
growing  on  the  edges  of  adjoining  grain-fields;  a  strip  ten 
feet  wide  is  usually  sufficient.  The  locusts,  driven  away  by 
the  animals  in  the  enclosed  pastures,  gradually  reach  the 
poisoned  plants  outside  and  are  soon  killed.  The  best  mate- 
rial for  this  purpose,  and  the  one  that  has  been  used  in  a 
number  of  cases  with  marked' success,  is  London  purple.  It 
is  best  simply  because  it  is  light,  and  sticks  better  to  such 
smooth  plants  as  wheat,  etc.,  than  the  heavier  Paris  green. 
Poisoning  locusts  in  gardens  and  fields  from  which  chick- 
ens and  cattle  can  be  kept  away,  may  also  be  resorted  to 
with  good  results,  using  bran-mash  as  poisoned  bait.  This 
is  made  by  thoroughly  mixing  Paris  green  or  London  purple 
with  dry  rye  or  wheat  bran,  about  one  and  one-half  to  two 
pounds  of  the  poison  to  twenty-five  pounds  of  bran  is  a 
good  proportion ;  to  this  is  added  enough  water  to  form  a 
mavsh  thick  enough  to  be  formed  into  balls  without  falling 
apart  when  laid  upon  the  ground.  Frequently  cheap 
molasses  is  added  to  keep  the  mash  from  becoming  too  dry. 
Such  balls  are  laid  among  the  plants  that  we  wish  to  pro- 
tect. If  an  army  of  young  locusts  is  moving  towards  a  field 
it  can  be  stopped  and  almost  annihilated  by  offering  them 
this  food,  which  seems  to  have  a  wonderful  attraction,  as  the 
balls  are  soon  covered  by  struggling  insects  all  eager  to 
devour  it.    The  consequence  to  them  can  be  imagined. 

Catching  by  Means  of  **Hopper-dozers'*  and  Other 
Machinery. — The  **hopper-dozers"  mostly  used  are  made  as 
follows:  A  sheet  of  ordinary  sheet  iron,  such  as  is  used  for  mak- 
ing stove-pipes,  is  turned  up  one  and  one-half  inches  around 
the  edges  and  riveted  at  the  comers.  This  makes  a  shallow 
pan  about  eight  feet  long,  two  feet  broad  and  one  and  one- 
half  inches  deep.  To  the  bottom  of  this  are  riveted  six 
small  strips  which  can  be  fastened  to  the  three  runners  on 
which  the  pan  rests.  To  the  rear  side  of  the  pan  is  screwed 
a  light  wooden  frame,  as  long  as  the  pan  and  one  and  one- 
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half  feet  high^  Over  this  frame  a  piece  of  canvas  is  stretch- 
ed. This  frame  serves  the  important  office  of  throwing  back 
all  those  locusts  that  otherwise  jump  clear  over  the 
pan,  and  to  throw  them  into  the  oil.  The  runners  on  which 
the  pan  rests  are  usually  made  from  saplings  or  small  pieces 
of  board  having  an  upward  curve  in  front  to  prevent  them 
from  catching  in  the  ground.  The  front  ends  of  the  runners 
are  all  fastened  by  screws  to  a  cross-piece  which  is, in  turn, 
drawn  by  two  ropes,  one  at  each  end.  These  ropes  are  joined 
in  front  and  fastened  to  a  single-tree.  Sometimes  two 
"hopper-dozers"  are  fastened  to  a  long  pole  by  means  of 
short  ropes ;  this  is  very  easily  dr^wn  by  one  horse.  Just  in 
front  of  the  pan  is  fastened  a  piece  of  rope  which  sweeps  the 
ground  a  few  inches  in  advance  and  serves  to  stir  up  the 
hoppers  and  make  them  jump  into  the  pans.  In  the  pan  is 
laid  a  piece  of  cloth,  which  is  first  thoroughly  saturated  with 
water.  About  a  pint  of  kerosene  oil  is  then  thrown  in  and 
the  upright  sheet  or  sail  of  canvas  is  also  moistened  with  it. 
The  machine  is  drawn  over  the  fields  or  wherever  the  locusts 
are  thickest.  In  a  short  time  it  is  usually  partially  filled 
with  dead  or  dying  insects. 

The  slightest  touch  of  kerosene  oil,  either  from  the  pan  or 
from  the  canvas  sheet  behind  it,  means  death  to  the  locust, 
for  the  oil  spreads  over  its  body  in  the  same  way  that  a  single 
drop  of  it  will  spread  over  a  large  surface  of  water.  It  seems 
to  produce  a  paralysis,  which  is  first  shown  by  the  stiffening 
of  the  legs.  A  very  large  proportion  of  the  locusts  that  come 
in  contact  with  the  oilin  the  pan  immediately  jump  out  again, 
but  they  invariably  die  in  the  course  of  a  few  seconds  or 
minutes.  Fig.  6  shows  a  hopper-dozer  in  operation  in  a 
hayfield.  A  narrow  strip  is  cut  around  the  margin  of 
the  field  and  the  hopper-dozer  is  drawn  around  in  this  strip, 
with  great  success.  Fig.  7  shows  two  fastened  together  and 
drawn  side  by  side.  Figs.  8  and  9  show  two  other  hopper- 
dozers  more  in  detail  so  as  to  enable  anybody,  even  with  but 
little  ingenuity,  to  make  them.    The  nature  of  the  ground 
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in  the  infested  region  does  not  always  admit  of  using  more 
than  one  hopper-dozer  at  a  time.  But  wherever  it  is  level 
and  free  of  stones  as  many  as  four  hopper-dozers  can  be 
joined  together  by  means  of  short  ropes,  thus  forming  a  con- 
tinuous pan  some  forty  feet  long.  Immensenumbers  of  insects 


"Pig.  8.— Larg^e  hopper-dozer,  with  partitions.    After  Kiley. 

can  thus  be  captured  and  killed.  Formerly  a  mixture  of  coal 
tar  with  oil,  or  coal  tar  alone,  was  used;  this  has  one 
advantage,  but  only  an  imaginary  one,  i.  e.,  the  farmers 
operating  the  dozer  actually  see  the  enemy  perish  before 
their  eyes,  while,  when  using  nothing  but  kerosene  oil,  only 


'Fig.  9. — Smaller  hopper-dozer.    After  Rilfy. 

one  oiit  of  about  every  ten  locusts  is  seen  dying  in  the  pan,  nine 
jumping  out  again.  But  as  these  almost  invariably  perish 
later  it  matters  but  little.  As  the  young  and  tender  locusts 
are  killed  whenever  they  come  in  contact  with  such  a  pene- 
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trating  oil  as  kerosene  still  another  machine  has  been 
used  to  some  extent,  and  in  some  cases  with  good  results. 
It  is  the  "Anderson's  Coal  Oil  Contrivaqce,"  shown  in  Fig, 
10.    It  is  made  in  the  following  manner;     "Three  pieces  of 


Pis.  10.— Anderaon'i  CokI  Oil  ContHTance.    Aftec  Sircy. 

fence  board,  four  feet  long  and  three  or  four  feet  apart, 
serve  as  sled  runners.  To  the  front  ends  is  nailed  a  fence 
board  fifteen  or  more  feet  long.  To  this,  and  over  the  run- 
ners, three  pieces  of  slat,  each  four  feet  long,  are  attached 
by  a  leather  hinge;  and  inch  and  a  half  holes  through  the 
back  end  of  these  slats  receive  light  standards,  the  lower 
ends  of  which  are  fastened  to  the  back  ends  of  the  runners 
by  leather  hinges.  Peg  holes  in  the  upper  half  of  the  stand- 
ards enable  you  to  place  the  slats  at  any  desirable  angle. 
On  the  back  ends  of  these  slats  is  nailed  a  strip  fifteen  long, 
parallel  with  the  fence  board  and  three  feet  firom  it ;  and  to 
these  is  tacked  coarse  muslin  fifteen  feet  in  length,  which 
forms  an  apron  or  movable  screen  that  can  be  set  at  any 
angle.  To  the  fi:ont  ends  of  the  outside  runners  a  long  piece 
offence  wire  can  be  attached,  and  a  mule  can  be  hitched  to 
the  wire,  much  to  the  disgust  of  the  mule.  A  boy  can  pull 
the  light  machine,  but  mules  pull  longer  than  boys  do."  The 
muslin  is  kept  soaked  with  kerosene  oil,  and  as  the  locusts 
jump  against  it  they  come  in  contact  with  this  death-dealing 
substance.   An  oiled  locust  seems  to  lose  all  power  in  its  long 
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hind  legs ;  it  will  stretch  them  out,  but  they  soon  become 
useless  both  for  walking  and  kicking.  In  some  localities, 
and  on  days  with  little  wind  or  dust,  these  simple  contriv- 
ances are  very  useful. 

The  use  of  kerosene  oil  has  an  additional  advantage:  it 
leaves  behind  in  the  field  a  very  strong  odor  which  is  dis- 
liked by  the  iusects,  and  they  almost  stop  feeding,  moving 
about  to  escape  it.  Of  course  one  thing  should  be  remem- 
bered, namely  that  this  oil  is  just  as  deadly  to  plants  as  to 
locusts,  hence  great  care  should  be  used  to  prevent  its 
spilling.  In  less  level  regions  the  rim  of  the  pan  should  be 
made  wider,  and  partitions  should  also  be  added,  as  shown 
in  one  of  the  above  illustrations  (Fig.  8).  Smetimes  in- 
stead of  pulling  the  pan  it  can  be  left  stationary,  and  the 
insects  can  be  driven  into  it.  This  has  frequently  been  done 
in  fields  containing  numerous  stumps,  and  with  good  results. 

In  places  where  the  machines  can  not  be  used  on  ac- 
count of  the  rough,  uneven,  and  too  sloping  condition  of 
the  ground,  and  when  cattle  and  chickens  can  be  kept 
away,  there  is  no  better  way  of  destroying  large  numbers 
of  the  locusts  than  by  use  of  the  poisoned  baits  already 
mentioned.  There  are  many  other  machines  known  that 
can  catch  large  numbers  of  locusts,  but  for  our  state,  level 
in  most  parts  likely  to  be  invaded  by  such  insects,  the  hop- 
per-dozers described  above  are  the  best,  and  by  all  means  the 
cheapest  machines  known. 

How  many  locusts  are  really  killed  by  a  hopper-dozer  is 
difficult  to  say,  as  nine  out  of  the  ten  that  jump  into  it 
jump  out  again,  only  to  die  afterwards  in  the  field.  But  if 
only  five  or  six  bushels  of  the  still  small  locusts  are  scraped 
off  the  "dozer"  during  a  day's  labor,  this  would  mean 
fifty  or  sixty  bushels  killed  by  a  single  machine.  This  is  by 
no  means  an  exaggerated  estimate,  but  if  only  ten  per  cent 
of  these  numbers  were  killed  it  would  well  pay  for  the  work. 

But  after  all,  no  matter  how  useful  hopper-dozers  may 
be  against  locusts  and  other  insects  feeding  upon  grass, 
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they  are  in  the  former  case  only  a  makeshift  to  be  employed 
when  better  remedies  can  no  longer  be  used.  In  places 
where  they  can  not  be  employed  other  machines  may  be 
used,  which  capture  the  locusts  in  bags,  or  in  which  they 
are  crushed  by  rollers,  etc. 

To  repeat  again,  the  true  remedy  consists  in  plowing, 
and  wherever  locusts  are  numerous  this  method  has  to  be 
employed.  Plow  the  soil  containing  the  eggs  during  the 
autumn,  if  possible,  as  by  doing  so  the  surface  of  the  plowed 
^ound  becomes  thoroughly  compact  by  wind,  rain  and 
snow.  Plowing  in  spring,  if  well  done,  and  as  early  as  pos- 
sible, will  also  be  successful,  though  in  some  cases,  and 
especially  in  a  dry  season,  a  few  locusts  may  succeed  in 
reaching  the  surface. 

REMEDIES    AGAINST    COCKROACHES    AND    OTHER 

ORTHOPTEROUS    INSECTS. 

Remedies,  or  supposed  remedies,  against  the  former  are 
very  numerous,  and  many  patented  and  unpatented  nos- 
trums are  in  the  markets  to  help  the  irate  housekeeper  to 
destroy  the  enemy.  As  a  general  rule,  however,  these  nos- 
trums are  only  good  for  the  dealer  who  sells  them  and  the 
buyers.  Vigilance  and  cleanliness  are  necessary^  to  prevent 
the  cockroaches  becoming  the  nuisance  they  are  now  in 
many  homes.  A  large  number  of  our  dwelling  places  are,  it 
almost  seems,  built  to  assist  the  increase  of  this  pest,  by 
giving  them  lots  of  snug  quarters  in  which  they  are  sale 
and  out  of  reach.  Besides,  these  intruders,  like  the  English 
Sparrow,  have  imported  themselves  to  remain,  and  as  both 
seem  to  possess  great  intelligence  they  are  perfectly  able  to 
take  care  of  themselves  and  to  keep  out  of  the  way  of  ser- 
vants and  food  doctored  with  poison  for  their  benefit.  Mr. 
F.  H.  Chittenden,  in  one  of  the  excellent  publications  of  the 
Division  of  Entomology,  Department  of  Agriculture,  under 
its  eflScient  chief  Dr.  L.  0.  Howard,  gives  the  following 
remedies: 
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Poisons. — **As  just  noted,  roaches  often  seem  to  display 
a  knowledge  of  the  presence  of  poisons  in  food,  and,  not- 
withstanding their  practically  omnivorous  habits,  a  very 
little  arsenic  in  baits  seems  to  be  readily  detected  by  them. 
In  attempting  to  eradicate  roaches  from  the  department 
store-rooms  where  cloth- bound  books  are  kept,  various  paste 
mixtures  containing  arsenic  were  tried,  but  the  roaches  in- 
variably refused  to  feed  on  them  in  the  least.  This  applies 
particularly  to  the  German  roach,  or  Croton  bug,  and  may 
not  hold  so  strongly  with  the  less  wary  and  perhaps  less 
intelligent  larger  roaches. 

A  common  remedy  suggested  for  roaches  consists  in  the 
liberal  use  of  pyrethrum  powder  or  buhach,  and  when  this 
is  persisted  in  considerable  relief  will  be  gained.  It  is  not  a 
perfect  remedy,  however,  and  is  at  best  but  a  temporary 
expedient,  while  it  has  the  additional  disadvantage  of  soil- 
ing the  shelves  or  other  objects  over  which  it  is  dusted. 
When  used  it  should  be  fresh  and  liberally  applied.  Roaches 
are  often  paralized  by  it  when  not  killed  outright,  and  the 
morning  after  an  application  the  infested  premises  should 
be  gone  over  and  all  the  dead  or  partially  paralized  roaches 
swept  up  and  burned. 

There  are  many  proprietary  substances  which  claim  to 
be  fairly  effective  roach  poisons.  The  usefulness  of  most  of 
these  is,  however,  very  problematical,  and  disappointment 
will  ordinarily  follow  their  application.  The  only  one  of 
these  that  has  given  very  satisfactory  results  is  a  phos- 
phorous paste,  also  sold  in  the  form  of  pills.  It  probably 
consists  of  sweetened  flour  paste  containing  phosporous, 
and  is  spread  on  bits  of  white  paper  or  cardboard  and 
placed  in  the  runway's  of  the  roaches.  It  has  been  used 
very  successfully  in  the  department  to  free  desks  from  Croton 
bugs,  numbers  of  the  dead  insects  being  found  in  the  drawers 
every  day  during  the  time  the  poison  was  kept  about. 

Fumigation. — Whenever  roaches  infest  small  rooms 
or    apartments     which    ma\'    be   sealed    up    nearly    air- 
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tight,  and  also  on  shipboard,  the  roach  nuisance 
can  be  greatly  abated  by  the  proper  use  of 
poisonous  gases,  notably  bisulphide  of  carbon.  This 
substance,  distributed  about  a  pantry  or  room  in  open 
vessels,  will  evaporate,  and,  if  used  in  sufficient  quantity, 
will  destroy  roaches.  Unless  the  room  can  be  very  tightly 
sealed  up,  however,  the  vapor  dissipates  so  rapidly  that  its 
eflFect  will  be  lost  before  the  roaches  are  killed.  The  hatches 
of  ships,  especially  of  smaller  coasting  vessels,  may  be  bat- 
tened down,  a  very  liberal  application  of  bisulphide  of  car- 
bon having  been  previously  made  throughout  the  interior. 
If  left  for  twenty-four  hours  the  roaches  and  all  other  ver- 
min will  unquestionably  have  been  destroyed.  In  the  use  of 
this  substance  it  must  be  always  borne  in  mind  that  it  is 
violently  explosive  in  the  presence  of  fire,  and  every  possible 
precaution  should  be  taken  to  see  that  no  fire  is  in  or  about 
the  premises  during  the  treatment.  It  is  also  deadly  to 
higher  animals,  and  compartments  should  be  thoroughly 
aired  after  fumigation.  A  safer  remedy  of  the  same  nature 
consists  in  burning  pyrethrum  in  the  infested  apartment. 
The  smoke  and  vapors  generated  by  the  burning  of  this  in- 
secticide are  often  more  effective  in  destroying  roaches  than 
the  application  of  the  substance  in  the  ordinary  way  as  a 
powder.  There  is  no  attendant  danger  of  explosion,  and 
the  only  precaution  necessary  is  to  see  that  the  room  is  kept 
tightly  closed  for  from  six  to  twelve  hours.  The  smoke  of 
burning  gunpowder  is  also  very  obnoxious  and  deadly  to 
roaches,  particularly  the  black  English  roach.  On  the  au- 
thority of  Mr.  Theo.  Pergande,  gunpowder  is  commonly 
used  in  Germany  to  drive  these  roaches  out  of  their  haunts 
about  fireplaces.  The  method  consists  in  molding  cones  of 
the  moistened  powder  and  placing  them  in  the  empty  fire- 
place and  lighting  them.  The  smoke  coming  from  the  burn- 
ing powder  causes  the  roaches  to  come  out  of  the  crevices 
about  the  chimney  and  fire  bricks  in  great  numbers,  and 
rapidly  paralyzes  or  kills  them,  so  that  they  may  be  after- 
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wards  swept  up  and  destroyed.  This  remedy  will  only 
apply  to  old  houses  with  large  fireplaces,  and  has  no  special 
significance  for  the  modem  house.  It  is  presented,  however, 
as  a  means  applicable  wherever  conditions  similar  to  those 
described  occur. 

Trapping. — Various  forms  of  traps  have  been  very  suc- 
cessfully employed  in  England  and  on  the  continent  of 
Europe  as  a  means  of  collecting  and  destroying  roaches. 
These  devices  are  all  so  constructed  that  the  roaches  may 
easily  get  into  them  and  can  not  afterwards  escape.  The 
destruction  of  the  roaches  is  effected  either  by  the  liquid  into 
which  they  fall  or  by  dousing  them  with  hot  water.  A  few 
of  the  common  forms  of  traps  and  the  methods  of  using 
them  are  here  described. 

A  French  trap  consists  of  a  box  containing  an  attrac- 
tive bait,  the  cover  of  which  is  replaced  by  four  glass  plates 
inclined  toward  the  center.  The  roaches  fall  from  the  cover- 
ing glasses  into  the  box  and  are  unable  to  escape.  A  similar 
trap  used  in  England  is  described  by  Westwood*  It  consists 
of  a  small  wooden  box  in  the  top  of  which  a  circular  hole  is 
cut  and  fitted  with  a  glass  ring,  so  that  it  is  impossible  for 
the  roaches  to  escape.  This  trap  is  baited  nightly,  and  the 
catch  thrown  each  morning  into  boiling  water.  A  simpler 
form  of  trap,  which  I  am  informed  by  E.  C.  Pratt  is  very 
successfully  used  in  London,  England,  consists  of  any  deep 
vessel  or  jar,  against  which  a  number  of  sticks  are  placed, 
and  bent  over  so  that  they  project  into  the  interior  of  the 
vessel'  for  a  few  inches.  The  vessel  is  partially  filled  with 
stale  beer  or  ale,  a  liquid  for  which  roaches  seem  to  have  a 
special  fondness.  In  the  morning  these  vessels  are  found 
charged  with  great  quantities  of  dead  and  dving  roaches, 
which  have  climbed  up  the  inclined  sticks  and  slipped  oflF  into 
the  vessel.  We  have  had  fair  succ^s  with  this  last  method 
against  the  oriental  roach  in  Washington,  but  against  the 
more  wary  and  active  Croton  bug  it  seems  less  eflJective. 

Traps  of  the  sort  described,  placed  in  pantries  or  baker- 
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ies,  will  tinquestionably  destroy  great  quantities  of  roaches, 
and  keep  them,  perhaps,  more  effectively  in  check  than  the 
use  of  the  troublesome  insect  powders  or  the  distribution  of 
poisoned  baits,  especially  as  the  latter  are  so  often  in- 
effective/' 

Prof.  J.  B.  Smith  writes  that  **the  most  satisfactory  way 
of  dealing  with  these  insects  is  by  means  of  a  phosphorus 
paste,  spread  upon  bits  of  soft  bread  and  placed  near  their 
haunts,  all  other  food  particles  being  put  out  of  reach.  A 
short  period  of  Such  treatment  will  usually  prove  effective. 
Almost  as  good  is  a  mixture  of  equal  parts  of  finely  pow- 
dered chocolate  and  borax,  dusted  into  the  crevices  where 
the  insects  hide.  The  mixture  should  be  intimate,  and  is 
best  made  in  a  mortar,  so  that  with  each  part  of  chocolate, 
of  which  the  roaches  are  very  fond,  they  will  get  also  a  par- 
ticle of  boarx,  which  is  poisonous  to  them.  This  mixture 
has  proved  successful  in  many  instances  within  my  own  ex- 
perience, and  has  the  advantage  of  being  cheap  as  well  as 
non-poisonous  to  man.'* 

In  an  article  on  **Mexican  Superstition  and  Folk-lore" 
the  following  recipe  to  get  rid  of  coachroaches  is  given : 
*  •Catch  three  and  put  them  in  a  bottle,  and  so  carry  them  to 
where  two  roads  cross.  Here  hold  the  bottle  upside  down, 
and  as  they  fall  out  repeat  aloud  three  credos.  Then  all  the 
cockroaches  in  the  house  from  which  those  three  came  will 

go  away.*'    This  remedy  is  at  all  events  not  a  costly  one! 

Few  people  are  aware  that  cockroaches  are  of  some  use; 
they  are  a  popular  remedy  for  dropsy  in  Russia,  and  both 
cockroach  tea  and  cockroach  pills  are  known  in  the  medical 
practice.  Salted  cockroaches  are  said  to  have  an  agreeable 
flavor — ^for  those  that  like  highly  flavored  sauces.  These  in- 
sects have  also  the  one  redeeming  character — they  will  eat 
the  festive  bed  bugs. 

The  remedies  against  other  orthopterous  insects  that 
are  injurious  to  agriculture,  etc.,  will  be  given  under  the 
descriptions  of  the  insects,  hence  it  is  hot  necessary  to  repeat 
them  here. 
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PARASITES  AND  OTHER  ENEMIES  OF  LOCUSTS. 

Locusts  have  a  large  number  of  parasitic  enemies^and  when* 
ever  locusts,  as  hosts,  become  at  all  numerous,  their  para- 
sites become  equally  and  more  numerous,  and  soon  gain 
mastery.  This  struggle  for  existence  is  constantly  going 
on;  it  is  a  very  cruel  one,  as  no  pardon  is  asked  nor 
given.  This  is  of  course  a  good  thing  for  the  farmer,  as 
without  it  all  the  labor  he  performs  to  rid  his  fields  of  such 
intruders  would  be  performed  in  vain.  When  locusts  be- 
come very  numerous  it  seems  as  if  they  became  weaker  and 
predisposed  to  catch  any  disease  that  is  liable  to  attack 
them,  and  they  soon  succumb.  Especially  a  bacterial  dis- 
ease is  very  effective,  and  carries  off  many,  even  nearly  all 
locusts  in  a  given  region.  But  this  takes  place  only  when 
the  climatic  conditions  have  been  such  as  to  have  weakened 
the  vitality  of  these  insects.  Continuous  rain  is  very  injuri" 
ous  to  such  sun- and  warmth-loving  beings.  During  rain 
locusts  hide  and  take  no  fopd,  hence  a  long  continued  spell 
of  rain  does  not  alone  injure  their  constitution,  but  also 
forces  them  to  a  long  abstinence  from  food,  a  condition  very 
bad  for  such  hungry  and  greedy  beings. 

Besides  such  bacterial  diseases  others  caused  by  higher 
organized  plants,  such  as  fungi,  frequently  occur  and  more 
than  decimate  the  hosts  of  hungry  locusts. 

We  can  always  be  certain  that  in  dry  seasons  locusts 
will  become  destructive,  even  very  much  so,  simply  because 
they  are  healthier,  hence  devour  more,  and  as  plants  do  not 
thrive  as  well  in  a  droughty  season  we  can  soon  see  how 
destructive  such  insects  can  become  if  favored  by  such  con-, 
ditions  as  much  sunshine  and  little  rain.  They  show^  by 
their  very  actions  their  abhorrence  to  moisture  and  damp- 
ness, and  towards  evening  all,  large  and  small,  try  to  escape 
the  same  by  crawling  upon  something  that  is  elevated  or 
higher  than  the  ground.  During  the  night,  when  all  our 
locusts  are  more  or  less  quiet  and  sleeping,  and  do  not  pro- 
duce such  loud  sounds  as  the  grasshopijers  and  crickets. 
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they  can  be  found  upon  the  stalks  of  plants,  several  feet 
above  the  ground,  or  upon  fences  and  outhouses,  if  such  are 
accessible. 

Social  insects  are  more  liable  to  epidemics  than  solitary 
species,  for  in  social  species  a  constant  contact  with  the 
diseased  objects  as  well  as  with  the  other  members  of  the 
same  colony  greatly  facilitates  the  spread  of  a  disease. 
This  explains,  in  part,  why  a  disease  will  spread  much  more 
rapidly,  and  work  more  etFectually,  when  insects  occur 
together  in  large  numbers,  than  when  few  and  scattered . 
The  same  thing  occurs  when  an  epidemic  of  yellow  fever  or 
cholera  sweeps  through  our  land.  How  much  more  quickly 
and  fatally  it  works  in  our  cities  than  in  thinly  populated 
regions!  Some  of  these  diseases  seem  to  force  their  victim 
to  wander  about,  and  thus  spread  them  in  all  directions. 
Thus  locusts  attacked  by  the  TioenBt-tangm  [Bmpusa  grilli 
Fres.),  invariably  climb  some  tall  weed  or  grass,  and  cling 
to  it  long  after  death. 

Figure  11  shows  a  locust  {Mela- 
noplus  bivittatus  Say),  which  has 
been  attacked  by  the  fungus  and 
killed  after  it  had  climbed  to  the        ^ 
top  of  a  plant.    The  figure  shows       j 
well    the    frantic    efforts    of  the    ^y 
locust   to    cling    to    its    support,     sf*; 
This  peculiar  effect  of  the  disease     ^''i 
to  force  the  sick  and  dying  insect 
to  cling  to  tall  plants  enables  its 
spores  to  infect  a  much  wider  area, 
as  they  can  from  this  elevated  po- 
sition fall  on  the  food  of  the  locusts 
as  well  as  on  the  locusts  themselves. 
This  fungus  has  also   the    power 

of  throwing  its  spores  to  a  consid-  fio.  \i.—MeiaDopio»  bMttmtoa 
erale  distance.  """^  xj'fi-nft"-  onginai. 

Besides  the  minute  parasites  mentioned  thus  far,  and 
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which  belong  to  the  vegetable  kingdom,  a  large  number  of 
parasites,  members  of  the  animal  kingdom,  seem  to  make  it 
their  business  to  destroy  locnsts.  The  more  important  ones 
are  given  and  illustrated. 

The  Red-Mite.  {Trotnbidiam  locastarvm  Ril.).  Quite 
early  in  the  spring,  or  as  soon  as  the  surface  of  the 
earth  is  dry  and  fairly  warm, full-grown  red-mites  or  locust- 
mites  can  be  seen  running  over  the  ground  in  fields  and 
gardens.  Thej-  are  especially  common  if  locusts  were  numer- 
ous in  the  previous  year.  These  friendly  mites,  illustrated 
in  Figs.  12  and  13,  of  a  vivid  scarlet  color,  and  with  the 
peculiar  gloss  of  silk,  are  well  known  to  children,  who  are 
in  the  habit  of  calling  them  the  "lucky  spiders,"  very  likely 
from  the  German  "Glueckspinnen,"  because  finding  them  in 
the  early  spring  is  claimed  to  be  the  certain  promise  of  a 
lucky  day.  And  no  wonder,  because  they  are  only  found 
running  about  on  warm  and  dry  spring  days,  when  all 
nature  is  reviving  from  along  winter's  rest,  wrhen  the  bare 


^-%, 


Fig.  13. — Trombldiam  lacattnrvm. — «.  ni«tai«  larva,  when  about  to  ittre  the 
wlnfc  ot  B'locait ;  A.  papa;  c.  male  adnlt  whenjuit  Trom  t)i«  papa;  rf,  rem  ale — the 
nainral  aliei  Indlcnted  to  tbe  rfght :  e,  pupal  claw  end  thumb ;]  f,  pedal  clawi ;  gt 
one  of  tbc  barbed  bolra;  fi,  the  •triatiom  on  the  larvel  mklo.    (Alter  Rile;). 

and  cold  ground  becomes  clothed  in  delicate  green  colors, 
and  when  the  first  flowers  gladden  the  eyes.  The  illustra- 
tion (Fig,  12),  shows  the  great  difference  that  exists  be- 
tween the  sexes.    During  the  spring  the    females  deposit 
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from  three  bandred  to  four  hundred  very  small,  globular, 
orange-colored  eggs,  which  are  usually  hidden  in  the  soil  at 
a  depth  of  one  to  two  inches ;  this  is  shown  in  Fig.  13,  a,  as 
well  as  an  individual  egg,  c.     These  eggs  soon  give  forth 


circle;  c.tgg:  if ,  e,  TBcated  egg  sheila.    (After  Riley). 

small  orange-colored,  six-legged  and  very  active  mites,  fig.  13, 
b,  whose  aim  in  life  seems  to  be  to  find  living  food,  to  which 
they  fasten  themselves.  If  they  succeed  in  finding  a  locust, 
the}'  fasten  themselves  very  securely  to  its  wings,  or  in  case 
of  a  pupatp  its  wing-pads,  and  almost  invariably  to  its 
under  side.  Here  they  use  their  mouth-parts  so  diligently, 
that  their  bodies  soon  swell  with  the  life-blood  of  the 
attacked  host ;  their  former  long  legs  become  shorter  and 
shorter  in  proportion,  and  are  soon  almost  invisible  (Fig. 
12,  a).  In  this  condition  they  can,  of  course,  no  longer  move 
about,  and  they  look  very  much  like  minute  drops  of  blood, 
or  like  eggs,  and  are  frequently  mistaken  for  such.  We  can 
well  imagine  that  a  locust  thus  infested  by  one  or  more  of 
such  rapid  growing  mites,  must  soon  become  disabled,  or  at 
least  greatly  weakened.  To  such  locusts  life  is  no  longer  a 
continuous  round  of  pleasure,  and  they  soon  take  a  gloomy 
view  of  it,  and  refuse  to  join  their  festive  brethren;  they 
either  congregate  with  similarly  affected  ones,  and  are  thus 
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found  in  large  numbers  upon  fences,  etc.,  or  they  drag  about 
their  enfeebled  bodies,  separated  from  their  relatives.  When 
these  mites,  fastened  to  locusts,  become  fully  grown  they  drop 
to  the  ground,  and  hide  for  several  weeks  without  taking 
any  food.  Gradually  the  pupal  state  is  assumed,  without 
going  through  a  molt,  as  would  be  the  case  if  mites  were 
true  insects.  Inside  this  pupa,  shown  in  Pig.  12,  6,  the 
mature  mite  is  formed.  Breaking  through  the  retaining 
pupal  skin  it  appears  as  an  eight-legged  being,  which  passes 
the  winter  in  the  ground.  But  the  mite  is  not  idle,  except 
when  the  temperature  sinks  below  the  freezing  point.  It 
feeds  upon  all  sorts  of  soft  food,  and  whenever  it  has  access 
to  the  eggs  of  locusts  it  greedily  eats  them.  In  soil  contain- 
ing eggs  of  locusts  large  numbers  of  these  mites  congregate. 
They  creep  into  every  hole  in  search  of  these  eggs  and  thrive 
upon  such  rich  food.  The  great  advantage  of  plowing  over 
all  other  remedies  is  also  seen  in  regard  to  these  red-mites,  as 
the  plowing  of  fields  in  which  eggs  of  locusts  have  been  de- 
posited will  destroy  the  young  locusts  hatching  from  them, 
but  not  the  mites,  which  can  easily  work  their w^ay  towards 
the  surface.  Plowing  destrojrs  our  enemies,  but  not  our 
friends! 

Tachina-Flies. — These  beneficial  flies  are  generally  of  a 
gray  color,  and  resemble  very  much  large  house-flies;  they 
are  of  very  great  assistance  in  killing  locusts.  In  fields 
crowded  with  locusts  they  can  be  seen  buzzing  around  a 
wide-awake  hopper,  who  seems  to  know  the  threatening 
danger,  as  he  will  dodge  the  flies  in  the  most  excited  and 
ridiculous  manner.  But  all  dodging  and  kicking  proves  in 
most  cases  of  no  avail,  as  the  persevering  fly  will  certainly 
succeed  in  fastening  its  white  and  elongated  egg  upon  the 
neck  of  the  victim  or  under  its  wings.  The  maggots  hatch- 
ing from  such  eggs  eat  their  way  into  the  body  of  the  lo- 
cust. Here  they  devour  everything,  frequently  leaving, 
however,  the  vital  organs  untouched,  they  being,  very  likely, 
less  tender  than  the  fatty  parts  stored  up  for  the  formation 


132  THE  ORTHOPTERA  OF  MINNESOTA. 

of  future  organs.  If  fully  g[rown  the  maggots  force  their 
way  through  the  skin  of  their  host  and  drop  to  the  ground. 
Here  they  burrow  in  the  earth,  and, contracting  into  brown 
barrel'shaped  puparin,  the}'  rest  awhile. 

Inside  this  puparium,  composed  of  the  old  larval  skin, 
the  true  pupa  is  formed,  and  later  the  winged  fly,  which 
breaks  through  the  surrounding  skins  and  crawls  towards 
the  light  of  day.  In  a  very  short  time  it  is  able  to  use  its 
wings,  and  is  ready  to  enjoy  life  after  its  own  fashion.  A 
locust  harboring  such  a  maggot,  or  several  of  them,  is  less 
active  than  others,  and  seems  to  look  upon  life  as  a  rather 
serious  affair,  in  fact  to  think  it  a  real  bore.  Fishermen  in 
search  of  bait  catch  such  languid  locusts  much  more  readily 
than  healthy  ones,  but  rtnd,  in  pulling  away  their  wings  or 
heads,  a  humane  way  that  disciples  of  Isaac  Walton  have, 
nothing  but  an  almost  empty  shell,  by  no  means  a  tempt- 
ing morsel  for  a  fish.  Several  species  of  Tachina-flies  infest 
locusts. 

Flhsh-Fly.  —  {Sarcophaga    camaria    Linn.),     a     well 

r..,Ti~7 1^  known  scavenger  in  Europe, 

'^^^!!!^^^*^^^^^J<^A^  Australia    and    America,  is 

■•^w^v '"^^fl  also  found  as  a  true  parasite 

'  '.'■^'~^  "^^  ^^  many  species  of  locusts. 

^(■■ini\'^t  ^^'  °^  ^^''  ^    *^^    earlier 

■^'     £      '  ^  'i'-y  stages,    are   illustrated    in 

isfil.^b'^pTTfl^fthc'hairVi^MViirw:    Fig-  !*■     This  illustration 

iDga«ragcn«i=rall«Ktl..    lArtcrKilcy).      ^j,)    gj^^    gfaoW  the     shapC, 

size  and  general  appearance  of  a  true  tachina-fiy,  which 
is  quite  similar  to  it. 

Beb-Fly.—( Sj-stcecAus  areas).  When  fields,  meadows 
and  pastures  are  inspected  for  the  eggs  of  locusts  the 
larvBe  of  these  flies  are  always  found,  showing  that  these 
friends  of  the  farmer  are  doing  good  work.  The  adult 
fly  is  illustrated  in  Fig.  15,  the  larva  in  Fig.  16.  The 
beautiful  flies  are  frequently  seen  towards  the  middle  of 
July;  they  are  then  employed  in  sipping  honey  with  their  very 
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FIk.  10. — S^toccbat  ore»3. — FiidbIc  Sj.     (After  Rllc^). 

long  proboscis  from  the  vari- 
ous species  of  composite  flow- 
ers. This  proboscis  can  be 
used  for  other  purposes  than 
sipping  nectar,  as  the  writer 
found  out  to  his  sorrow,  when 
he  attempted  to  catch  some  of 
them  with  his  hand,  and  suc- 
ceeded. Violent  pain,  a  swol- 
len finger,  and  added  knowl- 
edge were  other  results  of  the  catch  not  bargained  for. 
Early  in  August  these  flies  are  exceedingly  numerous,  hover- 
ing in  the  air  and  keeping  their  wings  in  such  rapid  motion 
that  they  can  not  be  distinguished,  but  appear  like  a  haze 
surroundingthe  body  of  the  insects;  when  disturbed  these  flies 
will  dart  away  with  wonderful  speed,  to  remain  again  sta- 
tionary in  the  air  in  another  spot.  These  bee-flies,  although 
possessing  a  blackish-gray  ground  color,  are  so  densely  cov- 
ered w^ith  pale  yellowhairs,  that  this  color  is  entirely  hidden; 
this  hair  is  so  long  that  the  outlines  of  the  insects  are  obscured, 
and  they  resemble  on  this  account  very  small  bumble-bees. 

The  eggs  and  method  of  oviposition  are  not  known. 
The  larva;  are  found  among  the  egg-masses  of  the  locusts; 
they  have  curved  bodies,  swollen  in  front  and  tapering  be- 
hind ;  their  color  is  opaque  white  with  translucent  yellowish 
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markings.  The  small  and  flattened  head,  (Fig.  16,  b  and  c),  is 
dark  brown,  with  broad,  almost  triangular  jaws.  All  the 
larvae  found  during  August  and  September,  though  varying 
greatly  in  size,  possess  similar  forms,  and  all  are  almost  un- 
able to  move.  They  are  most  frequently  close  to  the  egg- 
pods,  which  in  some  cases  are  found  empty.  The  young 
maggots  must  possess  a  very  different  form  and  decidedly 
different  habits  from  the  adult  larvae,  otherwise  they  would 
be  altogether  too  slow  and  awkward  to  find  the  eggs  of 
locusts.  No  pupae  have  been  found  and  all  the  larvae  kept 
in  breeding  cages  have  dried  up  before  changing. 

BLISTER-BEETLES. 

Several  species  of  Blister-beetles  or  Spanish-flies  occur  in 
large  numbers  throughout  the  infested  region.  In  fact  some 
of  them  cause  considerable  damage  to  potatoes  and  other 
plants.  Many  of  these  blister-beetles  are  known  to  feed  in 
their  early  stages  upon  the  eggs  of  locusts.  A  very  interest- 
ing report  upon  the  peculiar  life-histories  of  these  beetles 
was  published  in  the  **First' Annual  Report  of  the  United 
States  Entomological  Commission.'*  The  following  species 
of  these  beetles  are  abundant  in  Minnesota :  the  Ash-gray 
Blister-beetle  {Macrobasis  unicolor  Kirby),  the  Margined 
Blister-beetle  (Epicauta  cinerea  Forst.),  the  Black  Blister- 
beetle  (£/)icatttape/2i2Sj/Fan/ca  DeG.),  and  the  Red-headed 
Blister-beetle  {Epicauta  trichrus  Pall.).  All  these  beetles, 
frequently  best  known  as  being  very  injurious  to  potatoes, 
beans  and  other  cultivated  plants,  surely  have  one  great  re- 
deeming character,  in  being  our  best  friends  by  checking 
an  undtte  increase  of  noxious  species  of  locusts.  Their  life- 
history  may  be  summed  up  in  a  few  words :  they  deposit, 
from  July  to  October,  their  orange  or  yellow-colored  eggs  in 
irregular  masses  in  loose  ground,  each  female  producing 
from  four  hundred  to  five  hundred  eggs.  In  about  ten  days 
these  eggs  hatch,  producing  very  active,  long-legged  larvae 
with  large  heads  and  strong  jaws,  which  run  about  search- 
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ing  everywhere  for  the  eggs  of  locusts.  If  an  egg-pod  has 
been  found,  the  larva  forces  its  way  into  it  and  commences 
to  devour  an  egg ;  if  two  larvae  have  found  the  same  prize  a 
mortal  combat  takes  place,  lasting  until  a  single  larva  re- 
mains as  sole  owner  of  this  store  of  food.  As  soon  as  one 
or  two, eggs  have  been  consumed  the  larva  throws  off  its 
skin,  and  reappears  in  a  very  different  shape,  being  now 
white,  soft,  and  possessing  only  small  legs.  In  the  course  of 
another  week  a  second  molt  takes  place,  disclosing  a  larva 
with  rudimentary  mouth-parts  and  legs,  and  of  a  very 
clumsy;  aspect.  Soon  another  molt  takes  place,  but  only 
slight  changes  are  seen  in  this  form  of  the  larva.  After  eat- 
ing the  remaining  eggs  in  the  pod,  and  leaving  it,  it  bur- 
rows in  the  soil,  where  it  forms  a  smooth  cavity,  within 
which  it  rests.  Soon  it  splits  its  skin  again,  disclosing  now 
quite  rudimentary,  tuberculous  mouth-parts  and  legs;  the 
semi-pupa  thus  formed  is  rigid  and  of  a  deeper  yellow  color. 
It  hibernates  in  this  condition.  In  spring  the  skin  is  again 
torn  open,  and  a  larva  appears  looking  like  that  of  the 
second  shape,  but  smaller  and  whiter;  it  is  quite  active,  but 
does  not  seem  to  require  any  food.  It  changes  into  a  true 
pupa,  and  eventually  into  a  winged  beetle. 

Besides  these  species  still  another  one  with  bright 
metallic  colors,  the  Cantharis  Nuttalli^  is  exceedingly  abund- 
ant in  years  following  locust  troubles.  Very  likel}'^  the  larvse 
of  this  beetle  possess  similar  habits,  and  are  consequently 
verv  beneficial. 

OTHER   PARASITES  AND  CANNIBALS. 

Quite  a  number  of  eggs  of  the  locusts  are  destrayed  by 
othertrue  parasitic  insects,  one  of  which  is  illustrated  in  Fig. 
17.  It  is  called  Scelio  Luggeri,  Ril.  In  some  egg-pods  every 
egg  is  eaten  by  the  larvae  of  this  useful  insect,  so  that  instead 
of  harboring  the  embryo  of  a  locust  the  egg  contains  a  small 
wasp.  These  minute  insects  are  difficult  to  find,  as  they  are 
not  distinguished  by  metallic  colors,  which  is  usually  the  case 
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Pig.  n.—Scello  Liixa<''l-    After  RIlcj. 

in  allied  insects,  but  are  of  a  dingj  black  color,  with  honey- 
yellow  legs.  Moreover,  they  do  not  fly  about  actively,  but 
rather  crawl  over  the  soil.  If  disturbed  they  jump  like  fleas 
and  vanish  from  sight. 

A  large  number  of  carnivorous  insects  have  also  been 
observed  to  assist  us  in  reducing  the  numbers  of  locusts, 
either  by  eating  the  eggs  or  by  devouring  the  young  insects. 
Numerous  larvae  of  egg-feeding  beetles  occur,  of  which  the 
most  important  ones  belong  to  the  genus  i4mara.  In  some 
fields  every  second  egg-pod  contains  the  larva  of  Amara 
latior,  Kirby ;  if  not  actually  inside  the  egg-pod  it  is  found 
upon  the  outside  of  it  or  very  close  to  it.  Numerous  larvs 
of  a  larger  species  (^mara  obesa.  Say),  are  also  lound;  the 


FIb.  18.— Anum  obeta.    After  Hlley. 

illustration  (Pig.  18)  shows  the  different  stages  of  this  t 
ful  insect. 
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FiR.  30.— I^rTa  of 

Crjrptobypnus  bicoloi 

After  Rilej. 


Still  another  coleopterous 
larva  is  usually  found  in  large 
numbers;  it  is  the  larva  of 
Harpalus  berbivagus  Say,  an 
insect  very  abundant  in  fields 
infested  with  locusts.  It  is 
shown  in  Fig.  19. 

A  very  interesting  little  cole- 
opterous larva  is  also  found 
in  considerable  numbers  inside 
of  the  egg-pods  of  locusts.  It 
is  shown  in  Fig.  20,  and  pro- 
duces a  small  Click-beetle 
{Cryptobypnus  bicolor.Hsch., 

Numerous  larvae  of  flies  oc- 
cur near  the  egg-masses,  some  of 
which  are  known  to  be  our  friends. 

Very  active  anddoinggood  work  are 
also  the  larvae  of  Calosoma  frigidam 
Kirby,  and  oiCalosomacalidum,  Fab., 
the  former  of  which  is  only  found  near 
edges  of  forests,  while  the  latter  oc- 
curs everywhere  in  the  prairies.  The 
mature  beetles  of  these  species  feed  al- 
so upon  the  half-grown  locusts.  The  adult 
of  Calosoma  irigidutn  is  shown  in  Fig.  20H> 
This  species  possesses  very  different  habits 
from  the  other  species  of  Calosoma,  with  the 
exception  of  scrutator.  It  climbs  trees  in 
search  of  the  caterpillars  of  Canker-worms, 
and  is  as  active  in  this  work  as  the  green 
species,  which,  owing  to  its  protective  color, ' 
is  better  equipped  for  such  an  arboreal 
life.  It  would  not  be  a  bad  idea  to  utilize 
irigidum  in   the  war  against   the  noxious 
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Gypsy-moth,  so  destructive  in  Massachusetts.  Hiding  dur- 
ing the  day,  but  very  active  at  night,  are  also  other  large 
ground-beetles,  belonging  to  the  genera  of  Pasimachus  and 
Scarites;  especially  the  former  are  very  fond  of  young  lo- 
custs and  have  been  seen  devouring  them  in  great  numbers. 
Many  other  beetles,  flies  and  wasps  are  known  to  leed 
upon  locusts,  or  to  use  them  as  food  for  their  young.  But 
enough  has  been  shown  to  indicate  that  the  life  of  a  locust 
is  not  one  constant  round  of  pleasure.  This  becomes  very 
plain  if  we  consider  that  besides  the  enemies  already  men- 
tioned the  locusts  are  badly  invaded  by  internal  parasites, 
for  instance  by  that  curious  being,  the  Hair-snake  {Gordius 
species).  If  we  remove  the  head  of  a  parasitized  locust  w^e 
sometimes  see  its  whole  interior  filled  with  this  parasite, 
which  is  many  times  as  long  as  its  host,  and  it  will  be  seen 
that  all  the  important  organs  of  the  locust  are  compressed 
and  unable  to  perform  their  necessary  functions,  hence  the 
insect  looks  **pale  and  sickly.*' 

OTHER  ENEMIES  OF  THE  LOCUSTS. 

A  large  number  of  birds  and  animals  eat  locusts  when- 
ever they  have  a  chance  to  do  so.  Domestic  fowls  eat  them 
greedily,  but  soon  tire  of  this  diet  if  the  insects  become  very 
numerous.  Most  active  of  all  in  destroying  locusts  is  a  small 
tern,  the  Black  Tern,  {Hydrocbelidon  nigra  surinamensis), 
which  is  very  common  in  the  prairies,  even  many  miles  from 
any  water.  It  and  the  Rosy  Gull  {Larus  FrankUni),  are  con- 
stantly engaged  in  catching  the  young  locusts,  for  them- 
selves as  well  as  for  their  young.  Both  species  of  aquatic 
birds  foUowthe  plow,  ver3Mnuch  in  the  sameway  asthe  crow 
is  in  the  habit  of  doing  elsewhere.  The  various  species  of 
blackbirds,  such  as  the  Yellow-headed  Blackbird  {Xantho- 
cephalus  xantbqcepbalus) ;  the  Red-shouldered  Blackbird 
{Agelaius phoeniceus);  the  Rusty  Blackbird  {Scolecophagus 
carolinus);  the  Bronzed  Grackle  {Quiscalus  quiscula  aeneus); 
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the  Brewer's  Blackbird  [Scoleophagus  cyanocephalus);  and 
the  Co wbird  (Afo/otArus  a ter),  all  catch  and  eat  locasts. 
The  first  four  are  the  most  active  ones,  especially  as  long  as 
they  have  to  provide  for  their  young.  At  this  period  they 
are  making  constant  trips  from  nest  to  field  and  return.  A 
Yellow-headed  Blackbird,  distinguished  by  lacking  a  feather 
in  the  left  wing,  made  thirty-seven  trips  per  hour  to  a  field 
adjoining  the  river,  where  it  had  its  nest  in  a  clump  of  cat- 
tails. Strange  to  say,  later  in  the  season,  the  locusts  took 
revenge  by  eating  off  all  the  leaves  and  softer  parts  of  the 
cat-tails,  thus  exposing  the  nest.  As  soon  as  the  young 
blackbirds  aie  able  to  follow  their  parents  they  all  go  lo- 
cust-hunting. Owls  and  hawks  also  feed  largely  upon  these 
insects,  as  the  balls  voided  by  them  always  c^tain  num- 
erous parts  of  locusts.  Other  birds  no  doubt  also  eat  lo- 
custs, at  least  the  unfledged  ones.  Prairie  chickens  have 
frequently  been  seen  in  the  roads  picking  up  locusts,  and  the 
same  can  be  stated  of  some  rails. 

Animals  also  eat  locusts,  and  the  skunk  grows  fat  upon 
this  food.  Even  gophers  do  not  despise  a  dish  of  tender  lo- 
custs, w^hich  is  also  to  the  taste  of  toads,  frogs  and  snakes. 

VALUE  OF  LOCUSTS  AS  FERTILIZERS. 

Locusts  contain  a  large  amount  of  nitrogen,  and  when- 
ever they  are  caught  on  a  large  scale  this  valuable  fertilizer 
ought  to  be  utilized.  Prof  D.  N.  Harper  made  an  analysis 
of  locusts  given  him  for  that  purpose.  He  writes:  **I  re- 
port herewith  the  result  of  my  analysis  of  the  locusts  hand- 
ed to  me  for  examination  as  to  their  contents  for  fertilizing 
ingredients.  The  locusts  and  the  alcoholic  liquor  in  which 
they  were  preserved  were  evaporated  to  dryness  at  a  tem- 
perature of  boiling  water.  They  were  then  pulverized  and 
thoroughly  intermixed,  and  portions  taken  for  analysis. 
This  resulted  as  follows: 

(per  cent) 

Nitrogen 10.71 

Phosphoric  acid  soluble  in  water 1.52 

Phosphoric  acid  insoluble  in  water 24  1.76 
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The  phosphoric  acid  in  such  phosphates  as  are  insolu- 
ble in  water  or  solution  of  ammonium  citrate  of  1.09  specific 
gravity  is  termed  insoluble  phosphoric  acid;  in  such  as  are 
insoluble  in  water  but  soluble  in  ammonium  citrate  solution 
is  termed  reverted  phosphoric  acid,  **Soluble"  and  **re- 
verted"  phosphoric  acid  are  equally  available  by  the  plant 
as  food.  Insoluble  phosphoric  acid  is  not  as  readily  avail- 
able.   Nitrogen  is  the  most  valuable  fertilizing  ingredient." 

CONCLUSION. 

It  is  possible  to  successfully  fight  and  exterminate  lo- 
custs, providing  active  measures  are  adopted  at  once,  and 
are,  moreover,  carried  out  faithfully.  This  is  only  true, 
however,  if*  we  have  to  deal  with  local  swarms,  and  not 
w^ith  armies  covering  whole  states.  In  the  former  case  if 
every  one  owning  a  farm  in  the  infested  region  will  only 
properly  cultivate  the  same,  will  plow  it  during  the  fall, 
permit  no  fields  to  be  idle,  and  seed  it  in  the  spring,  no  fears 
of  loss  need  be  entertained. 

In  describing  the  habits  of  insects,  their  growth  and 
metamorphoses,  as  well  as  their  relation  to 'agriculture,  hor- 
ticulture and  allied  pursuits,  it  is  ver\'  important  and  neces- 
sary to  study  not  alone  the  general  form  of  an  insect,  but  also 
its  external  and  internal  anatomy.  For  our  purpose  it  will 
be  sufficient  to  select  one  member  of  the  order  of  orthoptera, 
the  common  Two-striped  Locust  {Melanoplus  bivittatus), 
and  to  describe  in  as  general  terms  as  possible  the  different 
parts  of  the  same. 


. 
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EXTERNAL  ANATOMY." 

The  body  of  a  locust  consists  of  an  external  thick  skin, 
hardened  and  stiffened  bj'  a  substance  called  chitine,  which 
protects  the  sofcer  organs  within.  Chitine  is  a  peculiar 
substance  found  only  in  the  teguments  of  articulated  ani- 
mals. The  harder  external  skin  is  the  analogue  of  the  skele- 
ton of  the  mammalia,  and  to  it  are  fastened  all  the  muscles 
that^'are  necessary  for  the  functions  of  an  insect.  As  this 
outer  skeleton  must  be  more  or  less  rigid,  insects  would  not 
be  able  to  move  at  all  if  it  were  not  jointed  or  segmented  in 
such  a  manner  that  each  segment,  or  ring,  is  connected  with 
the  neighboring  ones  by  a  softer  membrane.  Each  segment 
may  be  again  subdivided  into  smaller  pieces.   We  can  observe 
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such  segments  quite  readily  in  caterpillars ;    the  abdomen  of 
the  locust  also  shows  them  very  distinctly,  as  here  the  seg- 
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ments  are  not  as  complicated  as  they  are  at  the  extremities 
of  the  body,  the  head  and  end  of  the  abdomen.  The  long 
and  narrow  body  of  a  locust,  laterally  compressed,  is  like 
that  of  all  other  true  insects  in  their  perfect  state,  divided 
into  three  well  marked  regions,  the  head,  thorax  and  abdo- 
men. The  head  is  flattened  from  before  backwards,  and 
elongated  vertically.  It  bears  the  eyes,  the  antennae  and  the 
mouth-parts,  and  is  movably  joined,  by  a  short  neck,  to  the 
second  region  of  the  body.  The  thorax  forms,  with  the 
head,  the  anterior  half  of  the  body.  It  carries  on  its  lower 
surface  the  three  pairs  of  legs,  which  gradually  increase  in 
size  from  before  backward,  the  third  pair  being  much 
the  largest.  The  two  pairs  of  wings  are  fastened  to  the 
posterior  portion  of  the  dorsal  surface  of  the  thorax.  The 
abdomen,  a  little  longer  than  head  and  thorax  com- 
bined, is  composed  of  a  number  of  movable  segments  with- 
out appendages. 


Fig.  22.— Front  view  of  Fig.  23.— Vertical  view  of  Fig.  24..— Lateral  view 
the  head  of  Mclanoplus  the  head  of  Melanoplus  of  the  headof  A/ e/anop/u^ 
bivittatus.    Original.  bivittatua.    Original.  bivittatus.    Original. 


The  Head  (Fig.  22,  23,  24).— The  outer  or  dorsal  sur- 
face of  the  head  consists  of  a  very  broad  and  long  frontal 
and  a  much  smaller  and  shorter  occipital  area.  The  epi- 
cranivm  (epic),  which  forms  the  covering  of  the  dorsal  occi- 
pital area,  becomes  narrow  and  runs  downwards  between 
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the  eyes  and  antennse  to  about  the  middle  of  the  frontal 
area,  where  it  enlarges  agaiti^  and  ends  below  in  a  prom- 
inent, straight,  transverse  suture.  Faint  lines  indicate  that 
the  epicranium  is  formed  by  the  fusion  of  two  originally 
separate  pieces.  An  obscure  ridge  between  the  upper  ends 
of  the  eyes  perhaps  also  indicates  the  union  of  two  segments. 
The  large  projecting  compound  eyes  (e),  are  oval  and  highly 
polished  and  are  situated  on  the  upper  portion  of  the  sides  of 
the  head.  These  eyes  are  composed  of  many  thousands  of 
hexagonal  facets  or  lenses  and  are  marked  with  parallel  verti- 
cal bands  of  brown  pigment.  A  little  in  front  of  the  upper 
margin  of  each  of  the  compound  eyes  is  a  convex  oval  area, 
in  which  the  integument  is  so  thin  and  transparent  that  the 
tissue  below  can  be  seen.  These  minute  dpots  are  the  ocelli 
(oc)  or  simple  eyes.  A  third  ocellus  can  be  seen  between  the 
antennae  on  the  median  line  of  the  epicranium.  The  antennse 
{ant)  are  composed  of  a  larger  basal  joint  and  twenty-six 
movable  rings  which  increase  gradually  in  length  from  base 
to  tip.  The  basal  joints  of  the  antennae  are  fastened  to  the  cen- 
ters of  two  oval  areas,  the  antennary  fossse  (ant.  fos)^  which 
are  located  between  the  eyes  on  the  narrow  frontal  portion  of 
the  epicranium.  The  antennae  can  be  moved  in  all  directions. 
The  lower  and  straight  edge  of  the  epicranium  articulates 
with  a  wide,  short  plate,  the  clypeus  (c7y),  the  sides  of  which 
are  deeply  notched,  showingthe  traces  of  adivision  intotwo 
plates.  In  front  of  this  is  a  movable,  flap-like  labrum  (Ibr), 
the  free  edge  of  which  is  deeply  notched  on  the  median  line, 
the  remnant  of  the  suture  formed  bv  the  union  of  the  halves 

•r' 

or  paired  appendages  which  the  labrum  represents.  On  the 
side  of  the  head  is  a  suture,  which  runs  from  the  lower  anterior 
angle  of  the  eye  to  the  lower  margin  of  the  epicranium,  and 
separates  the  latter  from  the  large  plate,  the  gena  (gena), 
which  forms  the  side  of  the  head,  and  terminates  below  in 
a  free,  pointed  edge.  Between  the  lower  anterior  edge  of  the 
gena  and  the  clypeus  is  a  dark  colored  area,  the  outer  sur- 
face of  the  basal  portion  of  the  mandible  {md). 
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PIG.  26.— Mandibles  of  Mel&n- 
optua  bivittataa:  a,  external  view; 
b.  Internal  view.    Original. 


By  removing  the  labrum,  the 
large,  black-tipped,  powerful, 
toothed  mandibles,{Fig.25),  are 
seen,  which  meet  each  other  on 
the  median  line;  their  outer  ends 
articulate  with  the  lower  anter- 
ior edge  of  the  gena,  by  a  joint 
which  allows  them  to  move  towards  or  away  from  the  med- 
ian line,  but  in  no  other  direction.  The  large  occipital  fora- 
mtn,  by  which  the  cavity  of  the  head  communicates  with 
that  of  the  neck,  is  bounded  above  by  the  epicranium,  at  the 
sides  by  the  gena,  and  below  by  a  crescent-shaped  sternal 
plate,  the  gvla.  Movably  articulated  with  the  lower 
straight  edge  of  the  gula  is  the  labium  or  lower  lip  (Fig.  26), 

formed  by  the  union  of  a  pair  of  appen- 
dages, which  are  immovably  united,  but 
still  show  upon  the  median  lines  traces  of 
this  union.  The  labium  consists  of  a  basal 
portion,  the  mentum  {m);  a  pair  of  termi- 
nal apron-shaped  pieces,  convex  behind 
and  concave  in  front,  the  two  halves  of  the  ligula  {li);  on 
each  outer  edge  of  the  mentum  is  a  small  piece,  the  palpiger 
{palpr).,  and  upon  this  the  three-jointed  labial  palpus  (lb.  p). 
By  removing  the  gula  and  the  labium  the  posterior  faces  of 
the  anterior  mouth-parts  are  exposed.  Forming  the  poster- 
ior boundary  of  the  mouth,  in  the  median  line,  is  a  dark- 
colored  chitinous  spiny  pad,  the  metastoma  or  tongue, 
which  has  its  anterior  face  covered  with  rows  of  spines. 
Arching  over  the  tongue  and  forming  the  anterior  boundary 
of  the  mouth  are  the  black  tips  of  the  maxillae  (mx),  meet- 
ing upon  the  median  line.  Each  maxilla  is 
made  up  of  a  basal  joint  or  cardo  {co),  which 
is  directed  transversely  to  the  long  axis  of 
the  head,  and  articulates  with  the  lower 
iua^of  Mc/a^^o'  postcrior  cdgc  of  the  gena.  The  second  joint, 
''"Inai."'"*""'     or    stipes    (stip),    runs   forward    at    right 


FIG.  26.— Lablnm 
or  lower  lip  of  Afc7- 
anoplua  bivittataa, 
Otiginal. 
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angles  to  the  cardo  and  parallel  to  the  long  axis  of  the 
head.  It  is  movable  towards  and  away  from  the  median 
line.  The  maxillary  palpus  (mjc.  p)  is  carried  upon  *the 
outer  angle  of  the  stipes,  and  is  made  up  of  two  short  and 
three  long -joints.  The  lacinia  {lac)^  the  toothed  black- 
tipped  cutting  portion  of  the  maxilla,  is  carried  upon  the 
inner  margin  of  the  distal  end  of  the  stipes  The  galea  iga)^ 
or  soft,  brown,  spoon-shaped  portion  of  the  maxilla,  is  car- 
ried upon  the  outer  angle  of  the  stipes  and  bends  around 
in  front  of  the  lacinia.  The  illustration,  (Fig.  27),  shows 
the  different  parts  described  above. 

The  Thorax. — To  study  the  thorax,  the  legs  and  wings 
should  be  removed.  It  will  be  seen  that  the  thorax  is  made 
up  of  three  segments,  each  of  which  bears  a  pair  of  legs. 
These  three  segments  are  known  as  the  protborax  (pro)^ 
mesotborax  {meso),  and  metatborax  (meta).  The  pro- 
thorax,  (Fig.  28),  has  the  sides  and  dorsal  surface  covered 

by  a  large,  sun-bonnet  shaped  piece, 
the  pronotum  (n).  The  dorsal  por- 
tion of  the  pronotum  is  prolonged 
backwards  along  the  median  line  and 
partially  overlaps  the  second  division 
or  mesothorax.  The  anterior  portion 
of  the  pronotum  is  crossed  by  three 
grooves  or  sutures,  which  divide  it 
into  fourimmovablyunited  pieces;  the 
first  of  these  forms  the  anterior  mar- 
gin of  the  pronotum,  and  is  called  the 
prothoracic prescutum  (p.  sc)\  the  second  is  thit protboracic 
scutum  [sc)\  the  third  the  protboracic  scutellum  (scl),  and 
the  last  the  protboracic  postscutellum  (p.sel).  The  ventral 
portion  of  the  prothorax,  (Fig.  29),  is  formed  by  a  slender, 
movable  sterum  (st),  which  connects  the  sides  of  the  prono- 
tum with  each  other.  On  the  median  line  it  carries,  in  this 
.  species,  a  large  club-shaped  spine  (pro,  sp).  Near  the  outer 
ends  of  the  sternum  are  the  fossae  for  the  attachment  of 


FIG.  28  — LatcraJ  view 
of  the  prothorax  of  Aielan- 
oplaa  bivlttatus.    Original. 
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FIG.  29.— Ventral  tIcw  of  the 
prothoracic  sternum  of  Melaa- 
oplua  birittatua.     Original. 


^^^  the   limbs.    The   mesothorax  and 

metathorax  are  mach  more  com- 
plicated, and  together  with  the  first 
abdominal  segment,  are  soldered 
into  a  firm-walled  box.  The  flat- 
tened ventral  surface  of  this  box  is 
made  up  of  three  pieces;  the  meso- 
sternum  {mesa,  st),  which  consists 
of  an  anterior  median  portion  and 
two  nearly  rectangular  posterior  prolongations;  the 
metastemum  {meta,  st)  is  a  somevyhat  larger  plate,  which 
consists  of  an  anterior  square  tongue  filling  the  space  be- 
tween the  posterior  horns  of  the  mesosternum,  and  a  large 
pentagonal  portion..  The  first  abdominal  sternum  {1st  abd, 
st)  is  morticed  into  the  posterior  margin  of  the  metasternum 
in  nearly  the  same  way  that  the  latter  is  joined  to  the  pre- 
ceding sternum. 

In  this  ventral  view  of 

the  thorax.  (Fig.  30).  the 
lower  ends  of  the  epis- 
terna  and  the  fossse  (/b) 
for  the  articulation  of  the 
legs,  are  visible  at  the 
sides  of  the  sterna.  Par- 
allel with  the  anterior 
half  of  the  mesosternum 
are  the  lower  ends  of  the 
mesothoracic  epis  terna 
(meso.  epis).  Parallel 
with  the  posterior  half  of 
the  mesosternum  are  the 

FIG.  30.— Ventral  view  of  the  thorax  of   fosSae   of  the  SCCOUd   pair 
Melanoplus  birittatus.    Ori^nal.  ^   .  _^,         .  , 

of  legs.  The  mner  bor- 
ders of  these  fossae  are  not  formed  by  the  mesosternum  it- 
self, but  by  slender  horn-like  backwards  prolongations  of 
the  lower  end  of  the  episternum.    Parallel  with  the  anterior 
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Piif.  31. — Lateral  view  of  the  thorax 
(pleurites)  of  Aielanoplua  bivittntas. 
Original. 


half  of  the  metasternutn  are  the  lower  ends  of  the  meta- 
thoracic  episterna  {meta.  epis),  separating  the  fossae  of  the 
second  legs  from  those  of  the  third  and  sending  prolonga- 
tions backwards  to  form  the  inner  margins  of  the  latter. 

In  a  side  view  of  a 
thorax,  (Fig.  31),  from 
which  the  pronotum,  wings 
and  legs  have  been  re- 
moved, the  space  above  the 
leg  fossae  is  occupied  by 
four  rectangular  pieces, 
which  slope  obliquely  up- 
wards and  forwards.  The 
anterior  margin  of  each  of 
these  is  marked  by  a  dark 
stripe  or  band  of  pigment, 
and  the  posterior  margin 
by  a  light  stripe.  The  first  or  most  anterior  piece  is  the 
mesotboracic€pisternum{ni€SO.epis),  Its  lower  margin  is  pro- 
longed downwards  and  backwards  and  forms  the  anterior 
and  lower  boundary  of  the  fossae  of  the  second  leg.  The 
second  piece  is  the  wesotboracic  epiTneron,  {meso.  em).  Its 
lower  end  forms  the  upper  and  posterior  margin  of  the  leg 
fossae.  The  third  piece  is  the  metatboracic  episternum 
{meta,  epis).  Thefourth  is  the  metatboracic  epimeron  {meta. 
em).  Between  the  metatboracic  epimeron  and  metatboracic 
episternum,  just  above  the  mesothoracic  leg  fossae,  is  a 
small  oval  aperture  provided  with  a  pair  of  lip-like  chitin- 
pus  valves.  This  is  the  respiratory  aperture  or  spiracle^ 
{sp)  of  the  metatboracic  segment.  Along  the  upper  margins 
of  the  episterna  and  epimera  are  a  few  small,  irregular 
pieces,  to  which  the  wings  are  articulated.  The  dorsal  sur- 
face of  the  meso-and  metathorax,  (Fig.  32),  is  formed  by 
two  nearly  square  areas,  which  occupy  the  space  between 
the  wings.  They  are  soft  and  membranous,  and  the  pieces 
which  compose  them  are  not  sharply  defined.    The  anterior 
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border  of  each  is  formed  by  a  narrow  plate,  the  pre- 
scutum.  Back  of  this  is  a  large,  convex,  dark- 
colored,  glistening  surface,  the  scutum.  Behind  the  scutum 
is  a  membranous  piece  upon  the  median  line,  the  scutellum. 
The  posterior  margin  is  occupied  by  a  long,  narrow,  light- 
colored  piece,  the  post-scutellum. 

The  Wings. — The  anterior  or  upper  pair  of  wings   (Fig. 
33),  named   tegmina  or   wing-covers,  are  about  as  long  as 


Fig.  33.— TegmloB.  elytra  or  wlog-cover  of  Melaaoplat  blvlttataa.    Original. 

the  body,  beyond  the  posterior  end  of  which  they  project. 
They  are  narrow  and  the  anterior  and  posterior  margins 
are  seen,  when  the  wing  is  extended,  to  be  nearly  parallel. 
"When  folded  upon  the  body  their  outer  faces  are  vertical, 
with  the  anterior  margin  below,  and  the  posterior  or  in- 
teroai edges  in  contact  along  the  back,  the  left  slightly  over- 
lapping the  right.  Each  wing-cover  is  a  thin,  transparent, 
rather  stiff  plate,  of  chitine,  marked  with  a  yellowish-brown 
stripe.    It  is  strengthened  by  a  network  of  chitinous  tubes. 
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the  veins,  of  which  tbere  are  five  on  each  wing,  diverging 
from  the  proximal  cod  of  the  wing,  and  giving  rise  to 
smaller  veins.  These  in  turn  divide  into  much  smaller  re/o- 
lets,  which  inosculate  with  each  other  and  divide  the  sur- 
face of  the  wing  into  small,  irregular  polygonal  areas  or 
ce//s.  The  vein  nearest  the  anterior  or  costal  margin  (c.  tn) 
of  the  wing  is  the  costal  veia,  (c.r).  It  is  undivided  and  may- 
be traced  for  a  little  more  than  half  the  length  of  the  wing. 
The  second  very  much  larger  vein  is  the  su2>-co5ta/  (sab.c.v). 
It  gives  rise  to  several  large  branches,  the  subdivisions  of 
which  form  the  framework  of  the  greater  part  of  the 
wing.  The  third  or  median  (w.  t)  is  much  smaller  and 
soon  divides  into  two  branches  of  nearly  equal  size.  The  re- 
maining pair,  which  are  knownaathesab-inedianiisvb.in.  v) 
and  internal  (i.  v),  run  close  to  and  parallel  with  each 
other  near  the  internal  or  posterior  margin  of  the  wing. 
The  tegmina  is  divided  by  these  veins  into  three  areas.    The 


costal  area  forms  the  anterior  edge  of  the  wing  and  is 
bounded  posteriorly  by  the  costal  vein ;  the  median  area  is 
much  the  largest,  and  lies  between  the  sub-costal  and  sub- 
median  veins;  the  interaa/ area  is  the  free  margin  posterior 
to  the  internal  vein.  The  second  or  lower  pair  of  wings, 
(Fig.  34).  are  about  equal  to  the  6rst  in  length,  and  when 
the  animal  is  at  rest,  are  folded  up  under  the  latter.  If  the 
dark-colored  marginal  vein  of  this  lower  wing  is  gently 
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pulled  outwards  or  forwards  with  a  pair  of  forceps,  it  will 
be  seen  that  it  is  a  thin  parchment-like  membraoe, 
with  a  stiff  anterior  edge,  which  is  nearly  straight,  while 
the  rounded  outer  and  posterior  margins  are  thin  and 
flexible.  When  the  wing  is  fully  extended  its  upper  surface 
is  convex,  and  its  anterior  margin  is  rendered  still  more 
rigid  by  being  overlapped  by  the  internal  margin  of  the  up- 
per wing  or  iving-cover.  The  numerous  radiating  veins  are 
so  arranged  that  their  elasticity  causes  the  wing  to  fold  upon 
itself  like  a  fan  as  soon  as  its  margin  is  released. 

The  Legs  {Fig.  35).  The  large  leaping  leg  consists  of 
five  regions:  The  coxa{c), 
or  basal  division,  which  is 
joined  to  the  thorax;  a 
small  articulation,  the  tro- 
chanter, {tr),  immovably 
joined  to  the  distal  dorsal 
portion  of  the  coxa;  the 
femar,  ({),  a  long,  swollen, 
club-shaped  segment,  which 
makes  up  nearly  half  the 
length  of  the  limb.  When  the 
animal  is  at  rest  it  extends 
upwards  and  backwards, 
with  its  distal  end  above  the  dorsal  surface  of  the  body. 
This  joint  contains  the  powerful  leaping  muscles,  the  areas 
indicating  the  points  of  attachment  being  visible  ex- 
externaily.  The  t/6/a,  (ti)  is  about  as  long  as  the  femur, 
but  is  very  slender  and  of  uniform  diameter.  When  at  rest 
it  extends  downwards  and  backwards,  at  an  acute  angle, 
from  the  distal  end  of  the  femur,  but  in  the  act  of  jumping 
it  is  thrown  backwards  and  the  limb  becomes  straight. 
The  (arsus  ((a),  or  foot,  is  made  up  of  four  movable  pieces. 
The  first  and  longest  carries  upon  its  lower  surface  threesoft 
pads  {p),  which  by  their  adhesion  to  foreign  bodies  serve  as 
points  of   resistance  in  leaping.     The  second  joint  is  much 
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shorter  and  carries  but  one  pad.  The  third  is  long  and 
slender,  with  two  curved,  pointed  claws  or  ungues  (tin),  be- 
tween which  is  a  concave  sucking  disk,  the  fourth  joint  or 
pulvillus  (pv).  The  first  and  second  pairs  of  legs  are  much 
like  the  third,  but  much  smaller,  and  they  meet  the  body  at 
a  diflferent  angle,  to  fit  them  for  crawling  instead  of  leaping. 
The  Abdomen. — This  is  made  up  of  a  number  of  seg- 
ments without  appendages,  movable  upon  each  other,  and 
presenting  only  slight  differences.  The  typical  number  of 
abdominal  segments  appears  to  be  eleven,  and  in  both  sexes 
eleven  terga  are  present,  although  only  eight  sterna  are  vis- 
ible in  the  female  and  nine  in  the  male.  Fig.  36  shows  a  cross- 
section  through  the  abdomen  of  a  locust.  The  first  abdominal 

segment  is  somewhat  different  from  the  others 

and  its  sternal  and  tergal  portions  are  widely 

separate.     The  sternal  portion  is  immovably 

united  to  that  of  the  metathorax,  and  has  been 

Xj^ltM'iU^  already  described  (a6f/.st)(Fig.30).   Thetergum 

\9f^W     is  soft,  membranous,  and  dark-colored  like  those 

FiK.  36-cro88.  of  the  thorax,  and  isstrongly  crcstcd  lu  thc  med- 

SSdomen!*'^''***  ianliuc.    Near  its  lower  edges  are  a  pair  of  large 

apertures  closed  by  membrane,  the   auditory 
organs,  (Fig.  37,  au),  or  ears.     On  the  anterior  margin  of 

this  orifice  is  a  much  smaller 
opening,  the  first  abdominal 
spiracky  (Fig.  37,sp).  The 
remaining  abdominal  seg- 
ments are  composed  of  a 
narrow  sternal  portion  and 
a  much  larger  tergal  one. 
The  two  sides  of  thetergum 
meet  along  the  back  to  form 
a  ridge.  Near  the  lower 
margin  of  each  half  of  the 
tergum  is  a  couple  of  longitudinal  furrows,  the  traces  of 
the  sutures  between  theepimera  and  the  cpisterna.    Near  the 
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FIO.  37.— Auditory  organs  («u)  of  Mel- 
snoplus  bivittHtus  (A),  and  of  a  Katy- 
did (B).     OriRinal. 
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anterior  angles  of  the  episternal  regions  of  the  second,  third, 
fourth,  fifth,  sixth,  seventh  and  eighth  segments  are  the 
openings  oi  the  spiracles,  sp.  As  the  structure  of  the  terminal 
segments  differs  considerably,  according  to  the  sex  of  the  in- 
dividual, both  males  and  females  should  be  studied  and  com- 
pared. The  females  are  usually  more  abundant  than  the 
males,  and  may  be  recognized  by  the  presence  of  the  strong, 
blunt,  forceps-like  ovipositor,  which  forms  the  posterior  ex- 
tremity of  the  body. 

In  the  ventral  view,  (C),  of  the  abdomen  of  the  ma/e,  (Fig. 
38),  nine   distinct  mo\rable   sterna    are   visible;   they  are 


Pis:.   38-~ Abdomen  of  male  MeJanopJas  bivittaiaa.     A,  lateral  view;    B,  dorsal 

view;  C,  ventral  view.    Original. 

nearly  equal  in  length  and  similar  in  shape.  Posterior 
to  the  ninth  sternum,  the  ventral  surface  of  the  body  is  oc- 
cupied by  a  large  spoon-shaped  surfc-^en/ta/p/ate,  (g  pi),  con- 
vex below  and  concave  above.  Above  this  plate  is  a  large 
chamber  open  behind,  and  at  the  sides  the  genital  chamber. 
On  the  lower  floor  of  this  chamber,  and  therefore  on  the 
upper  surface  of  the  sub-genital  plate,  is  the  male  reproduc- 
tive orifice. 

In  a  dorsal  view,  (S),  the  terga  are  substantially  alike  as  far 
as  the  eighth.  The  eighth  is  a  little  shorter  than  the  seventh. 
The  ninth  is  only  about  one-fifth  as  long  as  the  eighth,  and 
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is  immovably  united  to  the  tenth,  a  faintly  marked  suture 
separating  the  two.  On  the  median  line  the  tenth  tergum 
is  very  narrow,  but  at  the  sides  it  is  about  as  long  as  the 
ninth.  The  posterior  margin  of  the  tenth  is  sharply  defined. 
The  eleventh  tergum  is  a  movable  shield-shaped  plate  upon 
the  median  dorsal  surface.  It  is  about  as  long  as  the  eighth 
tergum,  and  it  is  divided  into  two  nearly  equal  portions  by 
a  faint  transverse  suture.  In  shape  it  is  quite  different  from 
the  other  terga,  and  its  sides  as  well  as  its  posterior  margin, 
are  free.  On  each  side  of  this  plate  the  outline  of  the  dorsal 
surface  of  the  body  is  completed  by  a  setose  movable  plate, 
about  as  large  as  the  eleventh  tergum,  the  cercus,  {cer).  This 
plate  projects  back  from  the  lateral  margin  of  the  tenth 
tergum,  to  which  it  is  movably  articulated.  Projecting  be- 
yond the  end  of  the  eleventh  tergum  the  end  of  the  ventral 
sub-genital  plate  is  visible.  If  the  end  of  the  eleventh  tergum 
is  raised,  a  pair  of  vertical  plates  can  be  seen  on  each  side  of 
the  median  line,  the  podical  plates.  Between  these  plates  is 
the  anus,  and  below  them  the  genital  chamber,  already 
noticed. 

In  a  side  view,  (A),  the  sterna  of  the  second  to  eighth  seg- 
ments are  equal  in  length  to  the  corresponding  terga,  and 
the  constrictions  between  the  segments  entirely  surround 
the  body.  The  suture,  which  on  the  dorsal  surface  marks 
the  line  between  the  ninth  and  tenth  terga,  does  not  extend 
downwards,  and  the  lower  margins  of  these  two  terga 
form  a  single  plate.  Below  this  plate  is  the  ninth  sternum, 
as  long  as  the  area  formed  by  the  union  of  the  ninth  and 
tenth  terga.  Running  backwards  from  the  posterior  margin 
of  the  tenth  tergum  is  the  flat  cercus.  Above  this  a  portion 
of  the  eleventh  tergum  is  visible.  Below  and  internal  to  the 
cercus  is  the  podical  plate,  triangular  in  a  side  view,  and  be- 
low this  the  large  sub-genital  plate,  which  is  joined  to  the 
ninth  sternum. 

The  abdomen  of  the  female,  (Fig.  39),  in  a  ventral  view, 
i  C),  has  the  first  to  the  seventh  sterna  like  those  of  the  male. 
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Fig.  S9. — ^Abdomea  of  female  of  Mclanoplas  bMttatua, — >l,  lateral 
view;  B,  dorsal  view;  C,  ventral  view;  D,  egg-guide.    Original. 

The  eighth  sternum  is  nearly  twice  as  long  as  the  seventh, 
and  forms  the  sub-genital  plate  {g.  pi).  Its  posterior  end  is 
pointed,  curved  upwards,  and  its  extremity  lies  between  the 
plates  of  the  ovipositor. 

In  a  dorsal  view,  (B),  the  first  ten  segments  are  substan- 
tially likethose  of  the  male.  The  shield-shaped  eleventh  tergum 
is  shorter  and  wider  than  in  the  male.  On  each  side  of  it,  at 
a  little  lower  level,  is  the  triangular  podical  plate  {p,  pi), 
which  is  not  vertical,  as  in  the  male,  but  is  so  placed  that  its 
broad  surface  is  seen  in  a  dorsal  view.  Above  or  dorsal  to 
the  podical  plates,  are  the  cerciy  much  smaller  than  in  the 
male,  but  attached  to  the  posterior  margin  of  the  tenth 
tergum.  As  in  the  male  the  anus  is  between  the  podical 
plates,  just  below  the  eleventh  tergum.  The  space  between 
the  podical  plates  above  and  the  sub-genital  plate  below  is 
filled  by  the  ovipositor,  the  top  of  which  projects  to  some 
distance  beyond  thetsleventh  tergum. 

In  a  side  view,  (i4),thetergaaresubstantiallylikethoseof 
the  male,  but  the  small  cerci  do  not  hide  any  portion  of  the 
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eleventh  tergtini,  and  more  of  the  surface  of  the  podical  plate 
is  visible  than  in  the  male,  and  the  large  genital  chamber  be- 
tween the  podical  plates  above  and  the  sub-genital  plate 
below  is  entirely  occupied  by  the  ovipositor. 

The  ovipositor  {ovp)^  is  composed  of  six  movable  pieces, 
three  on  each  side  of  the  median  line;  a  large  superior  or 
dorsal  piece,  an  equally  large  inferior  or  ventral  piece,  and  a 
short  ii2ter/3a/ portion  between  the  bases  of  the  superior  and 
inferior  pieces.  In  a  surface  view  the  internal  portions  are 
hidden  by  the  two  superior  and  two  inferior  pieces,  which 
are  so  arranged  as  to  form  a  long  sheath  around  the  internal 
portions  which  form  the  true  ovipositor.  Each  of  the  four 
pieces  of  the  sheath  is  pointed  posteriorly,  and  when  the 
pieces  are  folded  together  the  four  tips  are  in  contact.  Run- 
ning forward  from  the  tip  is  a  flattened,  slightly  concave 
surface,  which  in  the  superior  pieces  faces  backwards  and  up- 
wards, and  in  the  inferior  pieces,  backwards  and  down- 
wards. During  oviposition  the  four  pieces  are  brought 
together  and  their  tips  forced  into  the  ground.  They  are 
then  separated,  and  their  flattened  surfaces  force  the  earth 
away  on  all  sides,  making  a  pit  into  which  the  internal 
pieces  then  guide  the  egg.  Fig.  39,  D,  shows  the  egg-guide 
at  i. 


r.yf. 


uar  U.Q. 


Showing:  wings  or  part  of  wins:s  of  variotts  species  oi  CBdipodinm. 
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EXPLANATIONS  TO  ILLUSTRATIONS  OF  ANATOMY  OF  LOCUST. 


HBAD. 


e — Eye. 


iy< 

-Ocelltis. 
epio— Bpicranlum. 
AH  £— Antenna. 
tuit  fos — ^Aotennary  fossa. 
c(jr— Clypens. 
/6r— Labmni. 
^na— Gcna. 
md— Mandible. 
m — Mentnm. 
//— Lignla. 
pa/pr— Pal  piger. 
lb — Lrabiam. 
;6.  p^Lablal  palpus. 
tax — Maxilla, 
mx.  p — Maxillary  palpnff. 
co^Cardo. 
stfp — Stipes. 
lac — Lacinia. 
^a~  Galea. 
/^Foveola. 

d.  T^  Depression  of  vertex. 
s.  F— Scutelltini  of  xertex. 

THOKAX. 

pro— Protborax . 

meso — Mepotborax. 

meta — Metatborax. 

n — Notnm  of  protborax  (pronotumj. 

^' — Notum   of    mesotborax  (mesono- 

tnm). 
^f* Notnm   of  metatborax  (metano- 

tnm). 
p^  sc — Prescutnm  of  pronotnm. 
sc-— Sent  am  of  pronotnm. 
sc/— Scntellnm  of  pronotnm. 
p.  sc/— Postscntellnm  of  pronotnm. 

%i/  —  I  Tbe  same  scleritesof  mes- 

gfsjf  —  f         onotnm. 

p/  BCV 


p/'3</'  — 


scr 
n."  scr 


i 


Tbe  same  sclerites  of  met- 
anotnm. 


pro,  ap — Prostcrnal  spine. 

s<— Stemnm  ot  protborax. 

meso.  at — Stemnm  of  mesotborax. 

meta,  st— Stemnm  of  metatborax. 

meso.  ep/5— Bpistemnm  of  mesotbo^ 
rax. 

meta.  epia — Bpistemnm  of  metatbo- 
rax. 

meso,  em — Bplmeron  of  mesotborax. 

meta.  em— Epimeron  of  metatborax, 

fo — Fossa. 

pw — Prozona. 

ma — Meta  zona. 

b.  p— Hind  process  of  pronotnm. 

ABDOMEN. 

ap — Spiracle. 

^.  pi  -Snb-genital  plate. 

cer — Cercns. 

p.  pi — Podical  plates. 

ovp — OTipositor, 

i— Bgg-gnide. 

WINGS. 

c.  m — Costal  margin. 

c.  V— Costal  vein, 

aab  cr— Snb-costal  vein. 

m.  r — Median  vein, 

sab  m.  V — Snb-median  yein. 

y.  V — Internal  vein. 

D — Disk  of  wing. 

sf.  a — Snbfrontal  sboot. 

r.  V — Radial  vein. 

/.  r — Intercalary  vein. 

u.  y — Ulnar  vein. 

17.  a — Ulnar  area. 

d.  a— Discoidal  area. 

LEGS, 
c— Coxa. 
tr — Trocbanter. 
f^Femnr. 
fi- Tibia. 
ta — Tarsns. 
p — Pads  of  tarsns. 
un — Unjznes  of  tarsns. 
pjr — Fulvellus  of  tarsns. 
au^Auditory  organ. 


S..V. 
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Piy.  Ml.— Longitudinal  aectlon  thronsh  a  male  sraiihopper  (LocuttA   rlrldli- 

tlm»  t.,).—bl,  ocdpnt;  sch.  virtm:  ■((,  frona.  ol.  labrnm;  k  3,  labinm;  la.  ligiUa: 
acbr,  CESophagol:  *r,  crop;  km.  giiiard;  )r,  caecal  poach;  ed,  colon;  og-,  aapra.  ■nd 
eg.vab  or  Intra-oiiopliagcal  ganglion;  bl,  b2,  bS,  thoracic  ganglion ;  ho,  tetttt;  dr. 
Klandaoftheaame;  pe,peni>;  lnil,lm3,lai3,niaK\a  of  the  Ihrnparlaof  thcthorai. 
th*  latter  two  moving  the  wlng^overa  and  ulaga.    After  Oraber. 
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The  illustration,  Fig.  40,  is  a  longitudinal  section 
through  a  male  grasshopper  {Locusta  viridissima  L.)i  and 
shows  most  of  the  organs  mentioned  hereafter. 

By  fastening  a  locust,  with  the  back  uppermost  under 
water  and  by  cutting  with  a  pair  of  fine-pointed  scissors 
through  the  integument  along  the  dorsal  surface  of  the  ab- 
domen, the  internal  organs  can  be  studied.  Just  below  the 
integument  on  the  dorsal  surface  of  the  abdomen,  is  seen  a 
delicate  tube,  the  Aeart.  Just  below  the  integument  is  a  layer 
of  small  flat  muscles,  the  abdominal  muscles.  By  removing 
the  dorsal  integument  of  the  thorax  the  large  alary  muscles^ 
which  move  the  wings,  can  be  seen  filling  the  dorsal  portion 
of  the  meso-  and  metathorax.  The  muscles  of  the  opposite 
sides  of  the  body  are  sharply  separated,  and  a  thin  chitinous 
partition  runs  down  from  the  constriction  between  the  meso- 
and  metathorax,  and  separates  the  muscles  of  the  wing- 
covers  from  those  of  the  wings ;  a  similar  partition  covers 
the  posterior  face  of  the  wing-muscles.  The  space  between 
the  muscles  of  the  abdomen  and  the  viscera  is  filled  with  a 
loose  network  of  light-colored  substance,  the  corpus  adi- 
posum. 

Running  inward  from  the  spiracles  on  the  sides  of  the 
thoracic  and  abdominal  segments  are  seen  the  tracheae,  rather 
tough  transparent  tubes,  which  divide  into  smaller  branches 
passing  to  the  various  organs  of  the  body.  A  spiral  elastic 
fiber  is  coiled  around  the  wall  of  each  tracheal  tube,  which 
by  its  elasticity  keeps  the  tube  permanently  open. 

The  Respiratory  System. — In  holding  a  locust  between 
our  fingers  we  can  readily  observe  its  mode  of  breathing. 
The  portion  of  the  side  of  the  body  between  the  stigmata 
and  the  pleura  (Fig.  36),  contracts  and  expands,  the  contrac- 
tion causing  the  spiracles  to  open.  About  65  contractions 
per  minute  can  be  counted.  This  movement  is  caused  by  the 
fact  that  the  sternal  portion  of  the  abdomen  moves  much 
more  decidedly  than  the  tergal  one. 

Air  Sacks. — Insects  possessing  great  powers  of  flight  are 
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especially  equipped  for  this  purpose  with  a  large  number  of 
air  sacks.  Such  organs  are  found  in  largest  numbers  in  those 
that  sail  for  many  hours  in  the  air,  hence  they  are  more 
numerous  in  the  migratory  locusts  than*  in  other  members 
of  the  orthoptera  or  in  bees  and  flies.  By  possessing  such 
air  sacks  the  locust  can  buoy  itself  up  in  the  air,  and  as  it  con- 
stantly fills  and  refills  these  balloons  without  any  great 
muscular  exertion,  it  is  easily  borne  along  by  favorable 
winds.  The  air  sacks  are  intimately  connected  with  the  com- 
plicated system  of  air-tubes,  or  tracbese,  w^hich  ramify- 
throughout  the  body ;  the  air  enters  these  tubes  through  a 
row  of  spiracles  or  breathing-holes  {stigmata)  located  in 
the  sides  of  the  body.  In  locusts  are  found  two  pairs  of 
thoracic  and  eight  pairs  of  abdominal  spiracles.  The  system 
of  thoracic  air- tubes,  which  is  entirely  independent  of  that  of 
the  abdomen,  is  not  easily  made  out.  The  tubes  arising 
from  the  two  thoracic  stigmata  send  out  two  well-defined 
tracheae  into  the  head,  which  subdivide  and  form  the  ocular 
air-sacks  and  some  smaller  ones  in  the  front  of  the  head.  The 
five  pairs  of  large  abdominal  air-sacks  are  derived  directly 
from  the  spiracles ;  they  can  be  readily  seen  by  removing  the 
integument  from  the  back  of  the  locust.  There  is  also  a 
large  pair  of  air-sacks  in  the  mesotborax,  and  two  enormous 
ones  in  the  prothorax.  A  number  of  smaller  air-sacks  are 
buried  among  the  muscles,  while  others,  spindle-shaped  ones, 
occur  in  the  end  of  the  abdomen.  As  the  process  of  respira- 
tion is  much  more  easily  performed  in  clear  and  sunny 
weather,  we  find  locusts  flying  only  at  such  times;  in 
cloudy  or  damp  weather,  or  after  the  sun  sets,  they  are  less 
active. 

The  Digestive  Organs. — These  are  quite  dark  in  color, 
and  vary  slightly  in  structure  according  to  the  genus.  The 
following  description  is  true  only  of  the  genus  Scbistocerca. 
By  removing  thecorpus  adiposum,  the  wing-muscles  and  the 
heart,  the  oesophagus  (Fig.  41,  oes)  is  seen  to  be  a  tough, 
dark-brown,  cylindrical  tube,  which  runs  up  from  the  mouth, 
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^ig,  41. — Digestive  organs  of  a  locust  (above)  and  of  a  katydid  or  grasshopper 
(below).  Oes,  oesophagus;  cr,  crop;  r,  gixsard ;  c,  ccecal  pouch  and  tubes;  s,  stomach: 
mt,  malphighian  tubes;  //,  ileum  ;  c/T colon.    Original. 

and  then  bends  at  right  angles,  and  passes  into  the  thorax. 
In  the  mesothorax  the  oesophagus  gradually  enlarges  to  form 
a  thick-walled  pouch,  the  crop  or  ingluvies  {cr),  which  oc- 
cupies the  meso-  and  metathoracic  segments.  On  the  sides  of 
the  anterior  end  of  the  ingluvies  are  the  delicate,  white, 
dendritic,  salivary  glands^  which  communicate  with  two 
salivary  ducts,  one  of  which  runs  forward  on  each  side  of  the 
oesophagus  into  the  head.  Running  back  from  the  posterior 
end  of  the  ingluvies  to  the  seventh  abdominal  segment  is  a 
large  cylindrical  pouch,  the  proventriculus  or  gizzard  {g). 
Its  anterior  end  is  about  as  large  as  the  posterior  end  of  the 
ingluvies,  and  its  posterior  end  is  much  smaller.  Surround- 
ing the  spot,  where  these  two  chambers  join  each  other,  are 
sixteen  transparent  cone-shaped  pouches,  the  pyloric  or  cascal 
pouches,  (c),  placed  base  to  base  in  such  a  way  as  to  form  a 
belt  of  eight  fusiform  pouches  around  the  digestive  tract.  If 
the  tracheae,  which  bind  them  to  the  digestive  tract,  are  re- 
moved it  will  be  found  that  the  pointed  ends  are  free,  eight 
of  them  running  fore  wards  on  the  sides  of  the  ingluvies,  and 
eight  backwards  on  the  proventriculus.  Occupying  the 
seventh,  eighth  and  ninth  abdominal  segments  is  the  ven- 
triculuSf  or  true  stomach,  (s)  much  smaller  than  the  pro- 
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ventriculus,  regularly  cylindrical  and  abruptly  constricted 
posteriorly,  where  it  joins  the  intestine.  Twined  around  the 
ventriculus  are  great  numbers  of  small  white  tubes,  the 
malpbigbian  tubes  (xnt),  which  open  into  the  ventriculus 
where  it  joins  the  proventriculus.  The  ileum  (il),  or  small 
intestine,  is  a  delicate,  Ught-colored  tube,  which  originates  at 
the  posterior  end  of  the  ventriculus,  and  bends  abruptly  up- 
wards toward  the  dorsal  surface,  where  it  abruptly  en- 
larges to  form  the  colon  (c7),  a  small,  white,  sacculated 
pouch,  which  lies  directly  below  the  terga  of  the  ninth  and 
tenth  segments.  From  this  a  very  short,  narrow,  rectum 
runs  backward  to  the  anus^  which  is  situated  between  the 
podical  plates  on  the  lower  surface  of  the  eleventh  tergum. 

The  Reproductive  Organs.— The  ovary  is  a  long, 
white  gland,  situated  above  the  ventriculus  and  proventricu- 
lus ;  it  is  made  up  of  two  sets  of  tubes  or  ovarioles,  which 
are  bound  together  into  a  compact  mass.  When  this  mass 
is  carefully  examined  with  a  lens  the  two  sets  of  tubes 
will  be  seen  to  run  upwards,  forwards  and  towards  the 
median  line.  Near  the  posterior  end  of  the  ovary  these 
tubes  communicate  with  two  delicate,  transparent,  ovi- 
ducts, which  run  down  around  the  posterior  end  of  the  ven- 
triculus, to  the  ventral  surface  of  the  body.  Here  they 
unite  to  form  a  single  median  tube,  the  vagina,  which  opens 
externally  upon  the  upper  surface  of  the  subgenital  plate. 
On  the  median  line  between  the  internal  plates  of  the  ovi- 
positor, there  is  a  second  much  smaller  external  orifice, 
which  opens  into  a  small  white  pouch,  the  spermatbeca, 
which  lies  above  the  posterior  end  of  the  vagina. 

The  Nervous  System. — On  each  arch  of  the  ingluvies  is 
found  a  small,  white,  stellate  spot,  the  gastric  ganglion, 
radiating  from  which  are  a  number  of  small  nerves  and  a 
larger  commissure,  which  may  be  traced  forewards  into  the 
head,  where  it  joins  the  supra-oesopbageal  ganglia,  (Fig.  40, 
oG),  which  are  situated  between  the  eyes,  in  the  upper  sur- 
face of  the  oesophagus.    From  them  a  pair  of  short  commis- 
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sures  run  down,  forming  a  collar  around  the  oesophagus  to 
the  ventral  nerv^-cbain.  This  consists  of  commissural 
fibres,  with  the  following  ganglionic  enlargements:  A  sub- 
ossopbageal  ganglion,  (Fig.  40,  «G),  situated  in  the  head, 
and  sending  nerves  to  the  mouth-parts ;  one  ganglion  for 
each  thoracic  segment ;  four  abdominal  ganglia,  one  in  the 
second,  one  in  the  fourth,  one  in  the  sixth,  and  one  in  the 
seventh  segment.  On  each  side  of  the  nerve-chain,  in  the 
second  and  third  thoracic  and  the  first  to  seventh  ab- 
dominal segments,  are  found  apodematay  or  projections 
from  the  sterna  which  support  the  nerve-chain. 

METAMORPHOSES . 

Like  all  other  insects,  the  orthoptera,  in  growing,  have 
to  throw  off  their  old  skins  and  replace  them  with  new  and 
more  commodious  ones.  In  some  orders  the  forms  assumed 
after  the  various  molts  differ  greatly ;  in  butterflies,  for  in- 
stance, the  caterpillars  do  not  in  the  least  resemble  their 
parents,  and  the  chrysalids  or  pupae  neither  look  like  butter- 
flies nor  like  caterpillars.  All  members  of  the  order  of  or- 
thoptera pass  through  an  incomplete  metamorphosis,  i.  e. 
the  young  insects  differ  but  slightly  from  the  adult  ones.  In 
the  locusts  the  most  striking  differences  are  the  absence  of 
wings  and  the  narrower  and  flattened  prothorax,  which  is 
much  more  roof-like  than  in  the  adult.  The  abdomen  is 
also  quite  different  and  more  roof-shaped.  The  winged  form 
is  gradually  assumed  through  a  series  of  molts,  varying 
from  three  or  four  to  six.  Species  in  which  the  wings  are 
either  entirely  wanting,  or  that  possess  only  rudimentary 
ones,  generally  pass  through  fewer  molts  than  those  having 
large  wings  when  adult.  The  wings  first  appear  as  small 
wing-pads,  which  gradually  become  larger  and  larger,  as 
may  be  seen  in  the  illustration,  (Fig.  42).  As  soon  as  the 
wings  appear,  the  insect  ceases  to  grow.  There  is  no  state 
of  quiescence  or  rest  in  orthopterous  insects  as  with  in- 
sects that   undergo  a  complete   metamorphosis,  and    the 
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nymph  or  pupa  is  as  active 
and  hungry'  as  the  imago,  and 
differs  from  it  only  by  possess* 
ing  but  rudimentary  wings 
and  genitalia.  The  latter  are, 
however,  in  some  cases  suf- 
pifir.  42.— Bariy  sta^efl   of  Rocky     ficicutly  developed  to  permit 

Mountain  Locust.     After  Riley.  .    .  ^  i  ,i 

coition.  In  cases  where  the 
species  is  always  wingless  the  differences,  except  in  size,  be- 
tween a  newl}-  hatched  and  a  mature  insect  are  sometimes 
very  slight.  Other  species  have  in  the  adult  stage  only 
rudimentary  wings  and  thus  they  resemble  the  pupal  stage. 
It  is,  however,  always  easy  to  determine  whether  such  an 
insect  is  an  adult  or  not,  as  the  wing-pads  in  the  nymph  are 
twisted  in  such  a  manner  that,  when  closed,  they  are  re- 
versed and  the  inner  surface  in  the  im^go  is  the  outer  sur- 
face in  the  pupa;  the  rudimentary  lower  wings  are  outside 
of  the  upper  ones,  instead  of  beneath.  A  trained  eye  can 
detect  manv  other  differences.  The  sexual  characters  are 
not  well  marked  in  the  younger  or  first  three  stages;  later 
the  differences  become  apparent.  Orthoptera  being  like  all 
other  insects  enclosed  in  a  rigid  armor  of  a  substance  that 
will  neither  stretch  nor  grow,  have  to  shed  this  skin  from 
time  to  time.  A  locust,  when  ready  to  do  so,  quits  feeding 
for  a  time  and  remains  inactive  during  the  process.  In  the 
First  Annual  Report  of  the  U.S.  Entomological  Commission 
the  following  description  is  given  of  the  last  molt — ^from  the 
pupa  to  the  winged  insect. 

**When  about  to  acquire  wings  the  pupa  crawls  up  some 
post,  weed,  grass-stalk,  or  other  object,  and  clutches  such 
object  securely  with  the  hind  feet,  which  are  drawn  up  under 
the  body.  In  doing  so  the  favorite  position  is  with  the 
head  downward,  though  this  is  by  no  means  essential.  Re- 
maining motionless  in  this  position  for  several  hours,  with 
antennae  drawn  down  over  the  face,  and  the  whole  aspect 
betokening   helplessness,   the  thorax,  especially   the   wing- 
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pads,  is  noticed  to  swell.  Presently  the  skin  along  this 
swollen  portion  splits  right  along  the  middle  of  the  head 
and  thorax,  starting  by  a  transverse,  curved  satare  between 
the  eyes,  and  ending  at  the  base  of  the  abdomen. 

"Let  us  now  imagine  that  we  are  watching  one  from  the 
moment  of  this  splitting,  and  when  it  presents  the  appear- 
ance of  Fig.  43  a.  As  soon  as  the  skin  is  split,  the  soft  and 
white  fore-body  and  head  swell  and  gradually  extrude  more 
and  more  by  a  series  of  muscular  contortions ;  the  new  head 
slowly  emerges  from  the  old  skin,  which,  -with  its  empty 
eyes,  is  worked  back  beneath,  and  the  new  feelers  and  legs 
are  being  drawn  from  their  casings  and  the  future  wings 
from  their  sheaths.  At  the  end  of  six  or  seven  minutes  our 
locust — no  longer  pupa  and  not  yet  imago — looks  as  in  Fig. 
43  b,  the  front  four  pupa-legs  being  generally  detached  and 
the  insect  hanging  by  the  hooks  of  the  hind  feet,  which  were 
anchored  while  yet  it  had  that  command  over  them  which  it 
has  now  lost.  Thereceedingskinistransparentand  loosened, 
especially  from  the  extremities.  In  six  or  seven  minutes 
more  of  arduous  labor — of  swelling  and  contracting— with 
an  occasional  brief  respite,  the  antennae  and  the  front  four 
legs  are  freed,  and  the  fulled  and  crimped  wings  extricated. 
The  soft  front  legs  rapidly  stiffen,  and,  holding  to  its  support 
as  well  as  may  be  with  these,  the  nascent  locust  employs 


pig.  43.~Moltlns  of  a  locait  (Melaaopolusaorttas).— a, nymph  ready  to  cbaDgc: 
b.tbc  ikln  ipllt  bIodk  the  back  and  tbc  adult  cmerffine:  c.  contiDoea  tbe  pronn; 
add  at  d,  the  adult  insect  dr; iac  out:  e,  perftft  adult.     After  Slltj. 
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whatever  muscdlar  force  it  is  capable  of  to  draw  out  the  end 
of  the  abdomen  and  its  long  hind  legs  (Fig.  43  c).  This  in  a 
few  more  minutes  it  finally  does  and  with  gait  as  unsteady 
as  that  of  a  new-dropped  colt,  it  turns  round  and  clambers 
up  fche  side  of  the  shrunken,  cast-off  skin,  and  there  rests 
while  the  wings  expand  and  every  part  of  the  body  hardens 
and  gains  strength — ^the  crooked  wings  straightening  and 
the  wings  unfolding  and  expanding  like  the  petals  of  some 
pale  flower.  The  front  wings  are  first  rolled  longitudinally 
to  a  point,  and  as  they  expand  and  unroll,  the  hind  wings, 
which  are  tucked  and  gathered  along  the  veins,  at  first  curl 
over  them.  In  ten  or  fifteen  minutes  from  the  time  of  extri- 
cation these  wings  are  fully  expanded  and  hang  down  like 
dampened  rags.  From  this  point  on,  the  broad  hind  wings 
begin  to  fold  up  like  fans  beneath  the  narrower  front  ones, 
and  in  another  ten  minutes  they  have  assumed  the  normal 
attitude  of  rest.  Meanwhile  the  pale  colors  which  always 
belong  to  the  insect  while  molting  have  been  gradually 
giving  way  to  the  natural  tints,  and  at  this  stage  our  new- 
fledged  locust  presents  an  aspect  fresh  and  bright.  If  now 
we  examine  the  cast-off  skin,  we  shall  find  every  part  entire 
with  the  exception  of  the  rupture  which  originally  took  place 
on  the  back ;  and  it  would  puzzle  one  who  had  not  witnessed 
the  operation  to  divine  how  the  stiff  hind  shanks  of  the  ma- 
ture insect  had  been  extricated  from  the  bent  skeleton  left 
behind.  They  were  in  fact  drawn  over  the  bent  knee-joint, 
so  that  during  the  process  they  were  doubled  throughout 
their  length.  They  were  as  supple  at  the  time  as  an  oil- 
soaked  string,  and  for  some  time  after  extrication  they  show 
the  effects  of  this  severe  bending  by  their  curved  appearance. 
"The  molting,  fi-om  the  bursting  of  the  pupa  skin  to  the 
full  adjustment  of  the  wings  and  straightening  of  the  legs  of 
the  perfect  insect,  occupies  less  than  three  quarters  of  an  hour, 
and  sometimes  but  half  an  hour.  It  takes  place  most  fre- 
quently during  the  warmer  part  of  the  morning,  and  within 
an  hour  after  the  wings  are  once  in  position  the  parts  have 
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become  sufHciently  dry  and  stiffened  to  enable  the  insect  to 
move  about  with  ease ;  and  in  another  hour,  with  appetite 
sharpened  by  long  fast,  it  joins  its  voracious  comrades  and 
tries  its  new  jaws.  The  molting  period,  especially  the  last, 
is  a  very  critical  one,  and  during  the  helplessness  that  be- 
longs to  it  the  unfortunate  locust  falls  a  prey  to  many 
enemies  which  otherwise  would  not  molest  it,  and  not  in- 
frequently to  the  voracity  of  the  more  active  individuals  of 
its  own  species.'* 

The  first  three  skins  are  most  frequently  shed  on  or  near 
the  ground,  under  grass  in  little  depressions,  or  under  any 
other  shelter  that  may  offer.  The  last  molts  take  place 
above  the  ground,  as  the  insects  like  to  fasten  to  some  ele- 
vated object.  The  body  is  very  soft  and  colorless  after  each 
molt,  but  soon  hardens  and  shows  the  characteristic  colors 
and  markings  of  the  species. 

STRIDULATING  ORGANS  AND  THE  EAR. 

Many  of  the  orthopterous  insects  are  musicians.  Only 
earwigs,  cockroaches,  walking-sticks  and  praying-mantes 
possess  no  organs  to  produce  sounds.  The  females  of 
all  orthopterous  insects  are  voiceless.  Such  sounds  do 
not  correspond  to  our  voice,  as  they  are  simply  produced  by 
friction.  The  organs  by  which  such  stridulating  sounds  are 
made  are  different  in  different  families;  they  are  very  simple 
in  some,  but  complex  in  others.  The  true  locusts  {Acrid- 
idse)  produce  sounds  by  rubbing  the  inner  surface  of  the  hind 
legs  against  the  outer  surface  of  the  wing-covers.  **With 
these  insects  there  is  a  thickening  of  one  of  the  main  longi- 
tudinal veins  in  the  center  of  the  wing-cover  {vena  r&dialis), 
and  a  remarkable  extension  of  the  two  areas  between  this 
vein  and  the  costal  margin  of  the  w^ing-cover  (area  scapu- 
laris  and  area  externomedia),  which  serves  as  a  sounding 
board  and  which  is  wanting  in  the  female.  The  most  com- 
mon representatives  of  the  insects  which  stridulate  in  this 
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way  belong  to  the  genus  Steaobotbras."  Fig.  44  shows  the 
teeth  on  the  inside  of  the  femur  of  the  hind  leg,  which  are 
scraped  against  the  veins  of  the  tegmJna.     An  enlarged  view 


I  tectb.      Bidf^  and   1 
greatly  enlarged.    After  Landola. 

of  these  teeth  is  also  given.  According  to  Scudder,  the. 
Stenobotbri,  when  about  to  stridulate,  place  themselves  in  a 
nearly  horizontal  position,  with  the  head  a  little  elevated ; 
then  they  raise  both  hind  legs  at  once,  and  grating  the 
femora  against  the  outer  surface  of  the  tegima,  produce 
notes  w^hich  in  the  different  species  vary  in  rapidity,  number 
and  duration.  The  first  one  or  two  movements  are  frequent- 
ly noiseless  or  faint;  and  when  the  sky  is  overcast,  the 
movements  are  less  rapid.  Prof.  Scudder  has  recorded  the 
songs  of  several  species  by  means  of  a  musical  notation. 
The  species  of  locusts  that  belong  to  the  family  of  CEdipo- 
dinse  produce  sounds  by  rubbing  together  the  upper  surface 
of  the  front  edge  of  the  wings  and  the  under  surface  of  the 
wing-covers.  Such  insects  produce  sounds  only  while  on  the 
wing.  When  we  watch  the  common  large  bright -colored 
locust  that  is  so  abundant  during  the  summer  upon  roads 
and  sandy  spots  and  that  often  remains  stationary  while 
on  the  wing,  we  can  see  that  the  wing-covers  are  held  almost 
motionless  in  a  perpendicular  position,  while  the  large  and 
fan-like  lower  wings  are  fully  expanded,  and  are  rapidly 
moved  up  and  down.  The  longitudinal  veins  of  the  lower 
wings  are  well  developed,  and  as  the  anterior  vein  strikes 
the  upper  wing  while  flying,  a  rattling  sound  is  produced. 
In  some  cases  both  sexes  can  maku  such  sounds.     Landois 
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has  Studied  in  detail  the  organs  that  produce  sounds  in  in- 
sects, aad  someof  the  illustrations  are  copied  from  his  paper. 
The  Meadow  Grasshoppers,  Katydids  and  Tree-Crickets 
produce  sounds  in  a  different  way  from  the  locusts.  Here 
also  the  males  alone  can  produce  love  songs  and  they  alone 
possess  peculiar  organs  for  this  purpose.  The  upper  wings 
of  the  male  are  entirely  different  from  those  of  the  female, 
which  have  the  usual  form.    In  the  male  large  veins  divide 


the  wing  into  disk-like  or  drum-like  spaces.    Fig.  45  shows 
the  upper  wings  of  three  species  of  grasshoppers,  and  Fig.  46 


-atridout. 

t;    si. 

1  tridn  latin  e 

the  Upper  wing  of  a  cricket.     The   principal   vein  extending 
diagonally  across  the  base  of  the  wing,  is  furnished  with 
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transverse  ridges  like  a  file.  These  ridges  are  also  shown ; 
their  armature  varies  in  the  different  species.  On  the 
inner  margin  of  the  wing  is  a  hardened  and  elevated 
space  or  scraper,  hence  each  upper  wing  is  provided  with  a 
file  and  a  scraper,  the  latter  covered  with  short  and 
stiff  bristles.     Fig.  48   shows   the   scraper  at  s,  and   the 


Fig.  48. — Stridttlatins:  organs  (file  and  scraper)   of  Gryllaa   abbreviatus.     A, 
dorsal  surface;  a,  scraper  formed  of  bristles;    B,  ventral  surface;  f,  file.    Original. 

files  at  f.  By  elevating  the  upper  wing  at  an  angle  of  about 
forty-five  degrees  with  the  body,  the  scraper  of  one  wing 
rests  on  the  file  of  the  other,  and  by  moving  the  wings  they 
rasp  on  each  other.  The  sound  is  strengthened  by  the 
vibrating  wings,  .which  act  as  sounding-boards.  The  illus- 
trations (Fig.  48)  show  the  organs  greatly  enlarged.  If 
insects  produce  sounds  they  must  be  able  to  hear  them, 
otherwise  the  male  locusts,  grasshoppers  and  crickets  would 
sing  in  vain,  and  we  find  in  many  cases  in  both  sexes  of 
those  insects,  organs  that  have  most  probably  a  function 
very  similar  to  that  of  our  ears;  but  we  must  not  look  for 
such  organs  where  we  are  apt  to  expect  them  to  be.  The 
locusts  have  their  ears  on  the  first  joint  of  the  abdomen 
(Fig,  37),  while  the  grasshoppers  and  crickets  have  them 
near  the  upper  part  of  the  front  tibiae  (Fig.  37  and  174,  c-f). 
All    three    families    of   stridulating   orthoptera   raise   the 
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wings  at  the  time  of  producing  sound  by  vibrating  them,  in 
fact  almost  the  whole  body  vibrates — is  a  sort  of  sounding- 
board.  Both  actions  strengthen  the  sounds.  We  can  do  the 
same  thing  if  we  vibrate  the  strings  of  a  guitar  and  swing  the 
instrument  in  the  air;  in  this  manner  we  imitate  the  sounds 
of  bells,  in  other  words,  increase  the  sounds.  It  is  also  a  well 
known  fact  that  the  pitch  of  a  sound  depends  upon  the  num- 
ber of  vibrations.  Knowing  the  number  of  vibrations  we 
can  judge  from  the  sounds  how  many  were  made  to  produce 
them.  If,  for  instance,  a  fly  produces  during  flight  the  sound 
f,  it  had  to  make  352  beats  of  the  wings  per  second  to  do 
so.  If  our  honey-bee  is  active  the  sound  a'  is  produced 
during  flight,  or  440  beats  per  second ;  if  tired  e'  is  produced* 
or  336  beats  per  second. 

Some  insects  also  produce  sounds  to  communicate  with 
others  of  their  kind.  If  we  put  some  honey  near  the  entrance 
of  a  bee-hive  some  of  the  bees  will  soon  discover  it,  and  they 
immediately  call  others  to  this  valuable  Klondyke  of  honey 
by  producing  the  sounds  af\  W\  or  c''',  according  to  their 
size.  These  sounds  will  invariably  call  many  bees  from  the 
hive,  and  the  honey  is  soon  stored  away  in  safer  quarters. 

ORTHOPTERA  OF  MINNESOTA. 

The  members  of  this  order  are,  almost  without  excep- 
tion, injurious  to  agriculture,  horticulture  and  forestry',  and 
some  of  them  have  become  a  very  annoying  pest  in  our 
houses.  When  we  listen  during  the  warm  nights  of  summer 
to  the  songs  of  our  arboreal  Katydids,  to  the  chirping 
sounds  of  crickets,  or  to  the  shriller  tones  produced  by 
locusts  and  grasshoppers,  we  are  apt  to  forget  that  insects 
forming  this  order  of  insects  belong  to  the  most  terrible 
scourges  known  to  man.  The  older  inhabitants  of  our  state 
are  not  apt  to  forget,  however,  the  devastations  caused  by 
the  great  swarms  of  migratory  locusts  in  the  past,  while 
more  recently  farmers  in  various  parts  of  the  state  had  to 
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complain  more  than  once  about  the  losses  inflicted  by  such 
insects. 

With  the  exception  of  a  single  family  of  Orthoptera,  the 
Praying  Mantes,  Rear-horses  or  Soothsayers  {Mantidas)^  all 
the  insects  forming  this  order  are  more  or  less  injurious  to 
vegetation,  and  as  msects  of  the  above  family  are  not  found 
in  our  state  it  may  be  stated  that  all  are  injurious,  and  that 
all  demand  the  careful  attention  of  the  practical  farmer  and 
of  the  student  of  agriculture  and  allied  pursuits. 

CHARACTERS  OF  THE  ORDER  ORTHOPTERA. 

The  Orthoptera  form  a  very  compact  and  natural  order 
if  we  omit  the  small  family  of  Earwigs  {ForEculidse),  as  has 
been  done  by  many  writers,  and  the  characters  of  the 
members  of  this  order  may  be  briefly  stated  as  follows: 
They  possess  four  wings,  of  which  the  first  or  upper  pair  are 
thick,  leathery  or  parchment-like,  overlapping  while  at 
rest,  and  forming  protecting  covers  for  the  much  more  deli- 
cate second  or  lower  pair  of  wings,  which  are  thinner  and 
folded  longitudinally  like  a  fan.  The  fore-wings  or  tegmina 
are  not  used  in  flight,  the  hind  wings  are  the  true  organs  for 
this  purpose.  Not  all  Orthoptera  possess  well  developed 
wings,  and  there  are  some  wingless  genera  and  species  in 
this  order ;  in  some  cases  the  anterior  wings  are  only  rudi- 
mentary or  wanting.  The  mouth-parts  are  formed  for 
biting  and  chewing  food.  The  metamorphosis  is  incom- 
plete, i.  e.  insects  belonging  to  this  order  have  no  period  of 
inactivity  from  the  moment  they  are  hatched  to  their  adult 
state,  and  the  young  insect  always,  resembles  the  adult  one 
or  imago  except  in  size  and  the  absence  of  wings  and  perfect 
sexual  organs. 

The  name  Orthoptera  is  derived  from  two  Greek  words, 
i.  e.  orthos — straight,  and  pteron — a  wing. 
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CLASSIFICATION  OF  ORTHOPTERA. 

Prof.  Comstock*  divides  this  order  into  seven  families, 
which  are  grouped  in  five  sections.  Each  of  the  first  four 
sections  contain  but  a  single  family,  the  fifth  one  includes  the 
three  remaining  ones.  The  names  of  the  sections,  with  the 
•exception  of  the  first  one,  were  suggested  by  the  form  of  the 
legs.  The  following  are  the  names  of  the  sections  and  ol  the 
families  they  include: 

I.    Dermaptera;  includes  the  ForAculidae  or  Earwigs. 
II.    Cursoria   or    Runners;     includes    the    Blattidse   or 
Cockroaches.  . 

III.  jRaptator/a  or  Graspers ;    includes  the   Mantidse  or 

Rear-horses. 

IV.  Ambulaton'a  or  Walkers;  includes  the  PAas/12/cfe  or 

Walking-sticks. 
V.    Saltatoria  or  Jumpers;  includes  the /Icnc/jcte  or  Lo- 
custs   or    Short-horned    Grasshoppers,    the 
Locustidae  or  Long-horned  Grasshoppers  and 
Katydids,  and  the  Grjllidas  or  Crickets. 

Prof.  Scudder,**  our  highest  authority  on  this  order 
of  insects,  whether  recent  or  fossil,  also  arranges  them  in 
the  above  seven  families. 

With  the  exception  of  the  Rear-horses  ( Man tic/a?)  all  the 
families  are  represented  by  one  or  many  species. 

To  enable  the  student  to  recognize  the  different  families, 
the  following  table  is  quoted  from  Prof.  Comstock's  Intro- 
duction : 

TABLE  OF  FAMILIES  OF  ORTHOPTERA. 

A.  Posterior  femora  fitted  for  walking,  i.  e.  resembling  those 
of  the  other  legs;  ovipositor  with  the  subgenital  plate 
concealed;  organs  of  flight  of  immature  forms  in 
normal  position ;    insects  mute. 

*  An  Introduction  to  Bntomology,  by  John  Henry  Comstock,  1888. 

'**Gnide  to  the  Genera  and  Classification  of  the  N.  A.  Orthoptera,  by  Samnel 
Hubbard  Scudder,  1897. 
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B.    Anterior  wings  leathery,  very  short,  without  veins, 
meeting  in  a  straight  line ;  posterior  wings,  when 
present,  folded  to  the  middle  of  the  anterior  mar- 
gin;   tarsi  three- jointed,  the   pulvillus    wanting; 
cerci  homy,  resembling  forceps..    1.     FoHiculidss. 
BB,    Anterior   wings    parchment-like,    thickly   veined; 
posterior  wings  folded  to  the  base;  tarsi  five- 
jointed;  cerci  soft,  jointed  or  without  joints. 
C.    Body  oval,  depressed;    head  wholly  or  almost 
wholly   withdrawn    beneath    the    pronotum; 
pronotum    shield-like,    transverse;    legs   com- 
pressed; cerci  jointed;  rapidly  running  insects. 

2.  Blattidse. 
CC.    Body   elongated;    head  free;    pronotum   elon- 
gated; legs  slender,  rounded ;  cerci  jointed  or 
without  joints;  walking  insects. 

Z).    Front  legs  fitted  for  grasping;  cerci  jointed. 

3.  Mantidse. 
DD,    Front  legs  simple;  cerci  without  joints. 

4.    Pbasmidas. 
AA.    Posterior  femora  fitted  for  jumping,  i.  e.   very  much 
stouter  or  very  much  longer,  or  both  stouter  and 
longer  that  the  middle  femora;    ovipositor  horny, 
free  (except  with  the  Mole  crickets);  organs  of  fligl^t 
of  immature  forms  inverted ;  stridulating  insects. 
B.    Antennae   short;    tarsi  three-jointed;    supposed  or- 
gans of  hearing  situated    in  the  first  abdominal 
segment ;  ovipositor  short,  composed  of  four  sep- 
arate plates;  stridulating  organs  situated  in  hind 
femora  and  the  costal  area  of  the  tegmina. 

5.  Acrididse, 
BB.  Antennae  long,  setaceous;  tarsi  four  or  three- 
jointed;  supposed  organs  of  hearing  situated  in 
the  anterior  tibiae  and  also  in  the  prosternum; 
ovipositor  elongated  (except  in  the  Mole  crick- 
ets); composed  of  four  connate  plates. 
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C  Tarsi  four-jointed;  ovipositor  (when  exerted) 
forming  a  strongly  compressed,  generally 
sword-shaped  blade;  the  stridulating  organs 
of  male  limited  to  the  anal  area  of  the  tegmina. 

6.  Locustidsd. 
CC,  Tarsi  three-jointed;  ovipositor  (when exerted) 
forming  a  nearly  cylindrical,  straight,  or 
occasionally  up-curved  needle ;  the  stridulat- 
ing  organs  of  the  male  extend  across  the  anal 
and  median  areas  of  the  tegmina. 

7.    Gryllidx. 
Prof.  Fernald*  gives  a  very  handy  short  table  to  sepa- 
rate the  New  England  Orthoptera  into  families,  in  which 
each  figure  on  the  right  leads  to  the  same  one  on  the  left: 

(Hind  legs  longest;  hind  femora  thickened;  (jumpers). .4 
Legs  of  nearly  equal  length ;  hind  femora  not   thick- 
ened (runners) 2 

(Abdomen  with  forceps-like  appendage  at  the  end 
Forticulidss. 
Abdomen  w^ith out  forceps  at  the  end 3 

^  fBody  oval  and  flattened Blattidse, 

\Body  long  and  slender Phasmidas. 

.  (Antennae  shorter  than  the  body Acrididas. 

\^Antennae  longer  than  the  body 5 

{Wing-covers  flat  above,  but  bent  sharply  down  at  the 
sides Gryllidas. 
Wing-covers  sloping  down  on  the  sides Locustidse. 

FAMILY  I. 

EARWIGS. 

{FoHicuHdas). 

These  insects  resemble  beetles,  and  are  so  different  fron> 
true  orthoptera  that  man}'  entomologists  consider  them  as 
members  of  a  different  order,  the  Dertnaptera  or  Euplexoptera, 

They  possess  very  small  and  leathery  wing-covers  or 

•The  Orthoptera  of  New  England,  by  C.  H.  Femald,  A.  M.,  Ph.  D.,  1888. 
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tegmina,  ^thout  veins,   which  meet,   as    in   beetles,  in  a 
straight  line  down  the  back ;  they  cover  partially  the  lower 
wings,  which  are  furnished  with  a  peculiar  network  of  veins, 
as  may  be  seen  in  the  illustration  (Fig,  49).    These  lower 
wings  are  large  when  extended, 
and  present  a  beautiful    appear- 
ance with  their  numerous  radiat- 
ing veins,  which    in   closing   the 
wing  act  as  the  bars  of  a  fan. 
When  snugly  hidden  away  under 

FiK.  «.-Wlng  of  i-W«   mi=<,r.     ^j,^  g^^u  ^pp^  ^j^g  j,.  jg  difficult 

to  understand  how  such  a  large  object  can  be  folded  up  into 
such  a  small  space.  This  is  done  by  first  folding  the  wing 
longitudinally,  and  a  second  time  transversely.  It  is  very 
amusing  to  watch  an  earwig  folding  or  unfolding  these 
wings,  as  it  needs  for  this  purpose  the  assistance  of  the  horny 
cerci  resembling  forceps.  The  tarsi  are  composed  of  three 
joints,  and  no  pulvilli  are  found  between  the  claws. 

But  two  species  are  found  in  Minnesota,  where  these 
insects  are  rare.  Earwigs  are  nocturnal  in  their  habits, 
hiding  during  the  day  among  all  sorts  of  litter  and  in  cracks 
and  crevices.  Sometimes  they  are  attracted  into  houses  by 
bright  light.  In  Europe  such  insects  are  very  abundant  and 
prove  sometimes  injurious,  especially  to  ripe  fruit  and  to 
flowers  in  greenhouses.  They  are  strictly  vegetable  feeders 
and  are  very  fond  of  such  sweet  material  as  ripe  fruit  and 
thecorollas  of  flowers.etc.  When  abundant  they arecaught 
below  flower-pots  and  in  other  hollow  objects,  as  the  stems 
of  sun-flowers,  into  which  they  crawl  to  hide  during  the  day. 
Some  people  are  very  much  afraid  of  such  little  insects ;  they 
believe  that  they  will  enter  the  ears  and  cause  them  all 
sorts  of  serious  trouble.  Of  course  such  notions  are  non- 
sensical, and  the  insect,  notwithstanding  its  formidable  ap- 
pearance,' lacks  the  power  of  doing  such  harm;  it  may 
simply  enter  an  ear  as  the  first  dark  shelter  that  offers,  if  it 
is  dislodged  from  its  hiding  place. 
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The  female  earwig  lays  a  cluster  of  small,  oval,  yellowish 
and  opaque  eggs  under  a  fallen  leaf  or  under  any  other 
shaded  object,  and  then  nestles  upon  it  as  a  hen  on  her  eggs ; 
she  also  protects  the  young  for  sometime  after  beinghatcbed. 
In  the  tropics  large  numbers  of  such  insects  are  found ; 
some  of  them  are  brightly  colored,  and  decidedly  ferocious  in 
appearance,  especially  the  males,  which  possess  formidable 
looking  forceps,  ■  those  of  the  female  being  usually  smaller 
and  more  simple. 

Two  genera,  each  represented  by  one  species,  occur  in  our 
state,* 

GENUS  Labia  Leach. 

Body  small  and  convex;  head  mod- 
erately large;  antennfe  composed  of 
from  10  to  15  joints,  the  sixth  joint 
being  plainly  obconic.  Pronotum  some- 
what smaller  than  the  head;  wing- 
covers  always  present,  though  the 
wings  are  sometimes  wanting.  Abdo- 
men somewhat  widened  in  the  middle; 
the  last  segment  much  longer  than  the 
T  others,  and   armed    with  a  pair  of  for- 

ceps, separated  at  the  base  in  the  males, 
but  not  separated  in  the  females.  Leg^ 
comparatively  short;  the  first  joint  of 
the  tarsi  as  long  as  the  other  two,  the 
simple  and  compressed  second  one  is  the 
shortest. 

THE  LITTLE  EARWIG. 

{Labia  minor  Linn.). 

Head  and  sides  of  abdomen  nearly 

black;    mouth-parts,  antennge,  thorax, 

wing-covers,  exposed  parts  of  the  lower 

wings,  and  the  middle  of  the  iipper  side 
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of  the  abdomen,  yellowish-brown ;  the  last  segment  of  the 
abdomen  and  the  forceps,  reddish- brown.  Legs  and  last  two 
joints  of  the  antennae  honey-yellow.  The  entire  surface  of 
the  body  is  covered  with  fine  and  short  hairs.  The  illustra- 
tion>  (Fig.  30),  shows  this  insect  greatly  enlarged ;  the  nat- 
ural size  is  also  given. 

The  only  specimens  collected  in  Minnesota  were  attracted 
to  light,  but  as  most  of  our  windows  are  fitted  with  wire 
screens  to  exclude  insects,  earwigs  may  be  more  common 
than  they  appear  to  be.  While  tenting  in  July  large  num- 
bers of  this  species  were  seen,  attracted  to  the  camp-fires, 
but  none  were  secured  at  the  time. 

FAMILY  II. 

COCKROACHES. 

{Blattidas*). 

These  well-known  insects  possess  an  oval  and  usually 
very  much  depressed  body,  with  the  nearly  horizontal  head 
almost  entirely  withdrawn  below  the  shield-like  pronotum; 
the  head  is  bent  down  in  such  a  manner  that  the  powerful 
mouth -parts,  with  their  strong  and  biting  jaws,  project 
backwards  between  the  bases  of  the  first  pair  of  legs.  Be- 
sides the  large  eyes  there  are  usually  two  rudimentary  ocelli. 
The  antennae  are  very  long  and  slender,  often  having  up- 
wards of  hundred  joints;  the  legs  are  long,  armed  with 
numerous  bristles. 

Cockroaches  are  by  no  means  uncommon  in  our  state, 
and  some  species,  which  are  frequently  called  *'Croton 
bugs"  and  "Black  beetles,"  are  well  known  household  pests. 
Other  species  are  found  under  rubbish,  loose  bark,  about 
ant-hills,  and,  though  common,  are  not  often  seen,  as  all 
cockroaches  are  more  or  less  nocturnal  insects.  Some  of 
the  native  species  are  attracted  to  light,  others  to  sweetish 
fluids  left  out  of  doors.  Cockroaches  are  general  feeders,  and 
the  domestic  species  injure  all  kinds  of  provisions ;  they  also 

*Blatta,  a  cockroach. 
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quite  often  spoil  the  covers  of  books  by  eating  the  size  or 
paste  used  in  bindings.  Glue  under  postage  stamps  and 
similar  things  is  frequently  eaten  by  them.  In  more  south- 
em  regions  they  become  much  more  destructive.  Blackened 
boots  are  ruined  by  them  over  night,  as  they  devour  the 
upper  surface  of  the  leather  to  obtain  the  molasses  used  in 
making  blacking;  they  also  gnaw  oflF  the  upper  surface  of 
toe-nails  of  sleeping  persons  and  even  remove  the  eye-lashes 
of  sleeping  infants. 

They  are  very  fond  of  damp  and  warm  situations,  hence 
those  invading  our  houses  are  most  numerous  in  kitchens 
and  especially  in  the  vicinity  of  steam  and  water  pipes. 
Their  peculiar  flat  shape  enables  them  to  enter  even  very 
narrow  cracks,  and  on  that  account  we  find  them  some- 
times very  numerous  below  the  baseboards  in  kitchens,  or  in 
the  drawers  of  tables,  etc.  Whenever  they  occur  in  numbers 
their  disgusting,  fetid  odor  reveals  their  presence,  and  rooms 
inhabited  by  them  can  be  recognized  by  this  odor,  which  is 
very  difficult  to  remove.  In  pantries  crowded  with  these  in- 
sects the  dishes  will  possess  this  odor  even  after  having 
been  washed.  But  notwithstanding  all  these  bad  qualities 
they  possess  one  redeeming  character;  they  are  said  to 
devour  bed-bugs. 

Most  cockroaches  deposit  their  eggs  in  a  purse-like  pod 

called  an  Ootbeca  (Fig.  51). 
This  pod  varies  in  the  differ- 
ent genera  in  shape  and  size, 
but  is  usually  more  or  less 
Fig.  51.— oothecii  of  Peripjaneta     bcan-shaped.    It  is  divided  in- 

orieataJis;   a,  side;  b,  end  view.    Nat- 

ural  Bjzc  indicated  by  oatlinc  fiOTrc.  tO  tWO  rOWS  of  Cclls,  Cach  CCll 

From  "  Household  Tnsects,"  published  ' 

by  U.S.  Div.  ofBntomology.  CUClosiug    OUC     Cgg,    and     pOS- 

sesses  at  the  upper  ridge  a  longitudinal  slit,  through  which 
the  young  insects  escape,  frequently  assisted  by  their 
mother.  Such  a  brownish  bean-like  pod  is  frequently  seen 
protruding  from  the  end  of  the  abdomen  of  a  female,  the  lat- 
ter carrying  it  until  the  eggs  are  ready  to  hatch.    In  some 
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cases  living  young  are  produced,  but  none  of  our  native 
species  have  this  habit.  All  young  cockroaches  resemble 
their  parents  in  form,  but  are  wholly  wingless,  the  wings 
not  appearing  until  after  the  fifth  or  last  molt. 

To  the  paleontologist,  interested  iu  tracing  back  the  an- 
cestry of  insects,  the  Blattidae  are  a  group  of  surpassing  in- 
terest, as  the  oldest  known  insect  is  a  cockroach  described 
from  the  Middle  Silurian  of  France.  About  eighty  fossil 
species  of  this  family  are  known.  Prof  S.  H.  Scudder,  our 
eminent  authority  on  fossil  and  recent  orthoptera,  says  of 
the  cockroach:  **0f  no  other  type  of  insects  can  it  be  said 
that  it  occurs  at  every  horizon  where  insects  have  been 
found  in  any  numbers;  in  no  group  whatever  can  the 
changes  wrought  by  time  be  so  carefully  and  completely 
studied  as  here;  none  other  has  furnished  more  important 
evidence  concerning  the  phylogeny  of  insects." 

SYNOPSIS  OF  THE  GENERA. 

Prof.  Fernald  gives  the  following  synopsis: 

Sub-anal  styles  wanting  in  the  males;  last  joint  of  the 
abdomen  of  the  female  not  divided Blatta. 

Sub-anal  styles  present  in  the  males;  last  joint  of  the 
abdomen  of  the  female  divided 2 

fSupra-anal  plate  fissured Periplaneta. 

\Supra-anal  plate  not  fissured Platamodes. 

Prof.  Scudder,  in  his  **Guide  to  Or- 
thoptera," has  divided  this  order  into 
seven  sub-families,  two  of  which  are 
found  in  our  state,  the  Blattinss  contain- 
ing the  genera  Iscbnoptera  (Platomodes) 
and  Blatta,  and  the  Periplanetinse, 
the  g^nvis Periplaneta,  A  number  of  un- 
Fi«.  52.  —  unwingcd      wiugcd  spccics  of  cockroachcs  occur  in 

Cockroach.    Original.  ^,,  ^  ji  t_ti_^f_ 

Mmnesota  under  loose  bark,  but  nave 
not  bee  n  studied.  They  are  more  or  less  active  during 
warm  days  in  winter,  and  not  easily  captured  even  then. 
One  is  shown  in  Fig.  52. 
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GENUS  Blatta,  Linn. 

Insects  belonging  here  possess  a  pad  (pulvillus)  between 
the  claws  of  the  feet ;  the  seventh  sternum  of  the  abdomen 
is  entire  in  both  ssexes;  the  sub-anal  st3''les  are  rudimentary 
in  the  males. 

THE  CROTON  BUG. 

(Blatta  germanica  Fab.). 

Few  insects  are  better  known  than  this  household  pest, 
which  now  occurs  almost  every  where,  not  alone  in  the  larger 
cities  but  in  the  smaller  ones  as  well.  Originally  from  the 
orient  it  found  a  home  long  ago  in  Europe,  and  has  since 
spread  to  all  civilized  regions  of  the  globe.  As  nearly  all 
vessels,  and  especially  steamers,  offer  numerous  shelters  near 
steam  and  water  pipes,  these  insects  can  readily  spread  from 
port  to  port.  The  name  **Croton  bug'*  originated  in  the 
City  of  New  York,  and  was  suggested  by  the  fact  that  the 
insects  became  very  numerous  in  houses  containing  water 
pipes  connected  with  the  Croton  aqueduct. 

The  insects  are  light  brown  or  dull  yellowish,  with  a 
yellowish  brown  head  and  long  yellowish  antennae;  the  pro* 
notum  is  marked  with  two  longitudinal  black  stripes.  The 
wing-covers  and  wings  extend  beyond  the  tip  of  the  abdo- 
men. 

About  36  eggs  are  enclosed  in  a  capsule,  which  is  carried 
about  for  a  long  lime  by  the  mother.  It  is  stated  that  when 
the  young  cockroaches  hatch,  the  mother  assists  them  to 
escape  from  the  ootheca.  The  young  insects  are  perfectly 
white  at  first,  but  soon  acquire  their  normal  color.  They 
have  to  shed  their  skins  six  times  before  they  reach  their  full 
size,  which  takes  from  four  to  five  months.  After  each  mo  t 
the  still  soft  insects  are  white,  and  are  frequently  called 
*'Albino  roaches."  Although  nocturnal  in  their  habits  they 
do  not  avoid  the  da^'light  as  much  as  other  species  of  cock- 
roaches, and  may  frequently  be  seen  moving  about  during 
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the  day.  These  insects  feed  on  almost  everything,  but  seem 
to  prefer  wheat  bread;  they  also  delight  to  "sleep  and 
board"  among  crackers,  and  these  suffer  severely  during  a 
long  trip  on  board  of  a  vessel.  Libraries  are  often  crowded 
with  these  insects,  which  find  good  shelters  among  the 
books,  and  here  they  cause  sometimes  much  damage  by 
gnawing  the  bindings  of  books  bound  in  cloth.  As  most 
people  living  in  houses  frequented  by  these  insects  know 
them  thoroughly  well  it  is  not  necessary  to  give  their  life 
history  in  detail.  This  insect  is  much  more  active  and  wary 
than  the  larger  kinds,  and  on  that  account  more  difficult  to 
eradicate. 

The  insect  illustrated  in  all  stages  in  Fig.  53,  measures 
from  11  to  13  mm.  in  length. 


Fig.  ax— Btatta  g-ermanlca;    _.  _. 
d,  fonrtb  Ktaiie:    e.  adult ;    /ladnltrcmi 

pablMxta  by  U.  S.  States  DIt.  or  Bntot 

GENUS  Periplaneta  Burmeister. 

Last  abdominal  sternum  of  the  female  divided ;  sub-anal 
styles  of  the  males  well  developed.  Antennae  slim  and  taper- 
ing, longer  than  the  body.    Legs  long  and  very  spiny. 

Wing-covers  and  wings  extending  beyond  the  end  of  the 
abdomen  in  both  sexes americana. 

Wing-covers  and  wings  not  reaching  to  the  end  of  the 
abdomen  in  the  males,  rudimentary  in  the  females.. orfenta/is. 
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THE  ORIENTAL  COCKROACH  OR  BLACK  BEETLE. 
{Periplaneta  orientalis  Fab.) 
This  large  insect  is  also  a  cosmopolite,  inhabiting  dwell- 
ings throughout  the  civilized  world.  It  is  a  very  dark 
brown,  almost  black  and  shining  insect,  with  no  bauds  or 
markings  on  the  pronotura.  Legs  lighter  in  color  than  the 
body.  In  the  male  both  wing-covers  and  wings  are  well 
developed,  but  do  not  quite  reach  the  end  of  the  abdomen ; 
in  the  female  the  tegmina  are  very  small,  not  more  than 
one-fifth  of  an  inch  long,  and  no  true  wings  are  found  be- 
neath them.    The  illustration,  (Fig.  54),  shows  this  insect. 


This  species  is  very  gregarious  in  habit,  and  many  in- 
dividuals, large  and  small,  live  together  in  colonies  on  the 
most  friendly  terms.  The  female  deposits  16  eggs  in  two 
rows  in  a  large  and  horny  brown  capsule,  (Fig.  51),  which  is 
carried  about  for  some  time  and  is  then  dropped  into  a  safe 
and  warm  place.  The  young  roaches  escape  without  assist- 
ance, and  to  enable  them  to  do  so  they  discharge  a  fluid  that 
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softens  the  cement  along  the  suture  of  the  egg-capsule.  The 
young,  at  first  white,  are  very  active,  and  feed,  like  their 
parents,  upon  any  starchy  food  they  can  obtain.  Flour, 
bread,  meat,  cheese,  fruit,  woolen  clothes,  even  old  leather, 
are  not  despised.  The  species  is  very  shy,  and  is  never  seen 
during  the  day.  It  can  become  very  destructive  in  stores 
and  bakeries,  where  it  deiiles  as  much  as  it  devours,  and 
where  its  fetid  odor  becomes  far  from  appetizing. 

In  Minnesota  it  is  not  found  in  large  numbers.  It  seems 
as  if  the  cold  of  our  winters,  which  is  sometimes  rather  severe, 
killed  a  large  number  of  them  every  year,  and  thus  kept  it  in 
check.    Length,  20  to  23  mm. 

THE  AMERICAN  COCKROACH. 
(Periplaneta  ^TnericunB  Fab.). 
This  is  a  native  species,  originating  in  tropical  or  sub- 
tropical America.    It  is  illustrated  in  Fig.  55.     It  is  reddish- 


Pig.  88.- 
cnlarjccd  one 
moloKy. 
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brown,  with  paler  and  indistinct  bands  on  the  pronotam. 
The  wings  are  unusually  long,  and  both  wing-covers  and 
wings  are  well  developed  in  both  sexes,  extending  beyond 
the  tip  of  the  abdomen.  The  legs  are  much  lighter  in  color 
than  the  body. 

It  is  not  often  found  in  our  houses,  and  only  in  larger 
cities.  It  seem  that  very  severe  cold  will  kill  it,  hence  it  is 
from  time  to  time  exterminated.  It  occurs  most  frequently 
in  stores  where  bananas  are  kept  and  sold,  and  it  is  very  likely 
that  it  is  re-introduced  every  year  with  this  fruit  which  also 
harbors  many  other  things.  [It  will  surprise  the  reader  to  hear 
that  the  following  natural-history  objects  have  been  found 
hidden  in  banana  bunches  in  the  city  of  Minneapolis:  a 
young  snake  {Boa  constrictor),  14  inches  long;  a  large 
crab,  four  inches  across  the  back^  two  species  of  scorpions ; 
several  large  thousand-legs  (Scolopendra);  some  large  and 
black  cockroaches;  several  large  and  hairy  bird-spiders, 
usually  called  tarantula,  and  many  other  smaller  insects  and 
other  beings.] 

The  American  cockroach  is  sometimes  very  injurious  in 
greenhouses,  where  it  destroys  tender  plants.  Being  found 
in  large  numbers  on  vessels  it  has  found  a  home  in  many 
seaport  towns  in  foreign  countries. 

THE  AUSTRALIAN   COCKROACH, 

{Periplaneta  australasiie), 

resembles  the  American  species  very  closely,  but  possesses  a 
brighter  and  more  clearly  defined  yellow  band  on  the  pro- 
thorax,  and  a  yellow  dash  on  the  upper  wings.  Though 
more  troublesome  in  the  south  it  has  also  found  a  home 
in  more  northern  regions,  and  is  fast  becoming  a  cosmo- 
politan. It  may  occur  here  from  time  to  time,  being  intro- 
duced with  goods  from  southern  cities.     This    species   is 

shown  in  Fig.  56. 

As  already  mentioned,  not  infrequently  foreign  species 

of  cockroaches  are  found  hiding  in  bunches  of  bananas.    As 
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Fig.  5a.—PeripIaneta  aastralaslit;  n.  male  with  ipread   viaga     b.  frmalc:  c, 
pppa— all  lire  alic.    From  "HoDubold  Iniccti,"  publlihtd  by  U.  8.  Djt.  of  Bato- 

a  general  rule  they  can  not  exist  here  and  soon  perish.  The 
pupa  of  one  species,  Nyctobora  kolosencea,  Burm.,  is  shown 
in  the  illustration  (Fig.  57). 


Fig.  ST.— Pnps  of  Nyctobora  holoaerieta.    OiiglBal. 
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GENUS  Iscbnoptera. 
{Platamodes  Scudder). 
A  genus  more  closely  allied  to   Periplaneta  than  to  any- 
other,  but  readily  distinguishable  from  it  by  its  much  nar- 
rower and  more  elongated  body,  the  sides  being  sub-parallel 
throughout  their  whole  extent,   while  in  Periplaneta  the 
abdomen  is  much    swollen.     The  wings   and   wing-covers 
extend  beyond  the  abdomen,  the  latter  being  well  rounded 
at  the  tip.    The  supra-anal  plate  is  regularly  rounded,  but 
lacks  altogether  the  fissuration  seen  in  Periplaneta.    The 
anal  cerci  are  somewhat  shorter  and  not  so  flattened  as  in 
Periplaneta,  while  the  anal  styles  are  very  short,  and  turned 
abruptly  downwards.    In  Periplaneta  the  sub-genitnl  plate 
does  not  extend  as  far  backward   as  the  supra-anal.    In 
Iscbnoptera  it  extends  backward   farther.     A  further  dis- 
tinction between  the  two  genera  may  be  seen  at  the  inner 
border  of  the  eyes,  which  in  Iscbnoptera  are  nearly  parallel, 
while  in  Periplaneta  they  approach  one  another  anteriorly. 
THE  COMMON  WOO D-COCK ROACH. 
{Iscbnoptera  peunsylvanica  De  G.). 

This  species,  (Fig.   58),  has  long 
and    delicate,    light-colored    wing- 
covers    and    wings    which    extend 
considerably  beyond    the    tip     of 
the     abdomen.       The     margin     of 
the  pronotiim    is   light,   \vhile  the 
disk  is  dark;  the  lateral  margins  of 
the  tegmina,  especially  at  the  base, 
are  lighter  than  the  discal  portions. 
It  is  a  native  oi  our  woods,  and  is 
'"'■";7/"^'"oMii'ar"°'     frequently   found    in   July    in    our 
houses,   being  readily  attracted  to 
light.    Entomologists  in  the  habit  of "'  sugaring  "  for  moths 
not  infrequently  find  these  roaches  enjoying  this  sweet  food. 
Length  25  mm.  or  more. 


FlB-  S9.- 
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THE  UNIFORM  WOOD-COCKROACH. 

(Iscbnoptera  anicohr  Scud.). 

Wings  and  wing-covers  of  aaniform,  pale, 
shining,  reddish-brown;  color  head  and 
pronotum  slightly  darker,  especially  in  the 
middle;  abdomen  darker  above,  especially 
on  the  borders;  cerci  dark  brown;  legs, 
especially  the  tibis,  darker  than  the  body ; 
eyes  black ;  antennee  and  palpi  brown ; 
antenrue  reaching  backwards  to  the  tip  of  '"  bViin,!  " 
wing-covers.    (Fig.  59). 

These  insects  are  not  common,  but  are  found  occasion- 
ally late  in  June  below  loose  bark  in  our  forests. 

THE  NORTHERN   WOOD-COCK ROACH. 

{Iscbnoptera  5orea/(s  Linn.). 
It  may  also  occur  in  our  state,  though  no  undoubted 
specimens  have  .been  found. 

The  family  of  cockroaches  has  not  yet  received  the  atten- 
tion of  entomologists  and  collectors,  hence  the  species  com- 
posing it  are  not  as  numerous  as  they  will  be  in  the  future, 
when  every  part  of  our  state  has  been  thoroughly  explored. 

FAMILY  III. 

REAR-HORSES.  PRAVING  MANTIS." 
{Mantidte). 
The  peculiar  insects  forming  this  family  are  chiefly  inhab- 
itants of  tropical  countries,  and  but  few  species  occur  in  the 
United  States,  and  none  in  Minnesota.  They  are  found, 
however,  south  of  us  not  much  beyond  the  northern  part  of 
Missouri.  Wherever  it  occurs  it  attracts  the  attention  of 
all  observers,  and  even  those  not  interested  in  such  matters 
are  apt  to  notice  this   grotesque  insect,   which    assumes, 
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when' waiting  for  a  victim,  the  position  of  prayer,  as  seen  in 
the  illustration,   (Fig-  60).    This  peculiar  position,  as  well 


Fig.  BO.— PraTlng  Mantla. 

as  its  strange  motion  of  swaying  to  and  fro  the  elon- 
gated front  part  of  the  body,  and  of  assuming  other 
strange  attitudes,  has  procured  it  many  popular  names,  some 
of  which  as  peculiar  as  the  insect  itself.  Rear-horse,  Race- 
horse, Camel-cricket,  Praying-mantis,  Soothsayer,  etc.,  are 
a  few  of  them. 

The  elongated  prothorax,  which  is  the  longest  segment 
of  the  body,  the  enlarged  front  legs  6tted  for  grasping,  and 
in  which  the  coxae  are  very  greatly  enlarged,  the  large  and 
movable  head  loosely  joined  to  a  neck,  are  the  most  striking 
characters  of  this  large  insect.  The  wing-covers  are  brown 
or  green,  according  to  the  sex,  and  are  frequently  highly 
colored  and  marked.  The  sexes  differ  considerably,  the 
male  being  slender  with  long  wings,  while  the  female  has 
only  shorter  ones,  which  can  hardl3'be  used  for  flight.  As  the 
insect  is  not  a  native  of  our  state  it  is  not  necessary  to 
give  an  extended  description  of  it ;  the  illustration  is  suffi- 
cient to  show  its  essential  features. 

All  the  species  of  Mantidae  are  carnivorous,  but  they  do 
not  pursue  their  prey  as  is  usually  the  habit  of  such  insects; 
-they  depend  on  their  resemblance  to  twigs,  leaves,  etc.,  and 
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wait  patiently  for  insects  to  come  near,  when  they  suddenly 
change  their  praying  position  to  a  preying  one,  and  seize 
their  unsuspecting  victim  with  their  terrible  arms. 

The  eggs,  which  are  laid  in  peculiar  clusters  on  twigs 
and  fences,  are  also  encased  in  flattened  ootheca,  differing 
from  those  of  the  cockroaches  by  being  composed  of  hardened 
«ilky  matter.  The  ridiculous  looking  young  insects  are  can- 
nibals, and  the  old  ones  are  the  worst  fighters  on  record, 
beating  ev^n  the  celebrated  Kilkenny  cats. 

FAMILY  IV. 

WALKING-STICKS. 

(Pbasmidss*) . 

This  family  is  also  best  represented  in  the  tropics,  where 
numerous  species  occur.  Most  of  them  possess  very  strange 
forms;  some  resemble  fresh  and  green  leaves,  others  look 
-tke  old  and  withered  ones,  and  still  others  resemble  twigs 
very  closely.  The  famous  **  Walking-leaf"  is  an  insect  that 
belongs  to  this  family.  On  account  of  these  peculiar  shapes, 
insects  of  this  kind  are  not  readily  seen,  and  thus  escape 
their  enemies  among  the  feathered  tribe.  All  are  strictly 
vegetable  feeders,  hence  can  become  injurious  when  found  in 
large  numbers  upon  useful  plants.  Several  species  occur  in 
the  United  States,  and  one,  which  is  illustrated  in  Pig.  61, 
is  found  in  Minnesota. 

Our  American  insects  are  spectre-like  beings,  possessing 
a  linear  body  furnished  with  long  legs  and  antennae.  Yet 
notwithstanding  their  long  legs  they  are  exceedingly  slow 
in  all  their  motions,  and  remain  for  a  long  time  stationary. 

Unlike  other  orthoptera  mentioned  thus  far,  their  large 
and  oval  eggs  are  laid  singly,  not  united  with  others  in  a 
capsule. 

GENUS  Diapheromera  Gray. 

Body  long,  slender  and  cylindrical.  Head  oval  and 
slightly  inclined.    Antennae  long,  slender,  and  composed  of 

*Pha«ma,  a  spectre. 
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numerous  joints,  inserted  in  front  of  the  eyes.  Palpi  short, 
cylindrical.  Legs  simple,  the  anterior  pair  similar  to  the 
others.    Tarsi  five-jointed.    Elytra  very  short,  or  wanting. 

THE  COMMON  WALKING-STICK. 

{Diapberomera  femorata  Say). 

This  is  a  very  common  insect  in  Minnesota,  yet  very  few 
persons  have  ever  seen  it,  and  if  it  is  shown  to  them  they 
are  greatly  astonished  to  hear  that  it  may  be  found  in  large 

numbers  during  the  autumn  by 
beating  bushes,  especially  of  ha- 
zel and  oak,  over  an  inverted 
umbrella.  The  insect,  (Fig. 
61),  is  either  greenish  or  green- 
ish-brown. These  colors  vary, 
however,  very  greatly,  the  green 
color  being  dominant  early  in 
the  season,  while  the  brown 
color  is  more  common  later.  The 
head  of  the  male  usually  shows 
three  brown  stripes;  that  of  the 
female  two,  one  on  each  side,  ex- 
tending backwards  from  the  base 
of  the  antennae.  With  the  excep- 
tion of  the  anterior  pair  of  legs  the 
femora  of  all  others  are  armed  on 
the  under  side  with  stout  and 
acute  spines.  The  tibiae  of  the 
anterior  legs  of  the  male  are 
green  in  most  specimens  found 
in  Minnesota;  the  femora  of  the 
middle  pair  of  legs  are  marked 
with  darker  bands.  Elytra  en- 
tirely wanting. 

The  black  and  oval  egg  is  cov- 
Fi«.  6i.-D/aD*e^rome« /fcmorata.     ^^^j  ^j^^  ^^   exceedingly  hard 
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and  glossy  shell,  with  a  white  edge  enclosing  a  black  line  on 
oneside  and  a  brown  top  beautifuUysculptured,  which  acts  as 
asort  of  stopper  to  each  box-like  egg.  Theeggs  are  notglned 
or  fastened  to  any  object,  bnt  are  simply  dropped  to  the 
ground,  where  they  remain  until  the  succeeding  year;  some- 
times they  do  not  hatch  until  the  second  year.  The  young 
walking-sticks  resemble  the  old  ones  except  in  size ;  they  are 
also  brighter  in  color,  and  molt  but  twice. 

This  species  is  a  very  general  feeder,  and  the  foliage  of  all 
our  trees  and  bushes,  excepting  the  evergreens,  is  eaten. 
Sometimes  these  insects  become  very  numerous,  and  in  such 
a  case  can  seriously  injure  our  shade  and  forest  trees.  Being 
insects  with  chewing  mouths,  and  very  slow  in  all  their 
motions,  they  can  easily  be  killed  by  poisoning  .their  food 
with  some  of  the  arsenical  poisons. 

The  Acrididse  and  the  two  following  families  of  ortho- 
ptera  form  the  section  Saltatoria  or  Jumpers.  All  insects 
belonging  to  this  section  have  their  hind  legs  fitted  for  jump- 
ing, the  femora  being  either  very  much  stouter  or  longer,  or 
both  stouter  and  longer  than  those  of  the  other  legs.  The 
peculiar  parallel  **fish-bone"  markings  seen  upon  them  is  pro* 
duced  by  the  attachment  of  the  powerful  muscles  inside.  The 
females  in  this  section  are  usually  furnished  with  more  or  less 
prominent  ovipositors,  and  the  wings  of  the  immature 
forms  (pupae)  are  in  an  inverted  position.  Many  species, 
especially  among  the  AcrididsSy  possess  in  the  adult  state 
only  rudimentary  wings  and  resemble  immature  insects.  By 
carefully  looking  at  the  wings  it  will  be  seen  that  the  adult 
insects,  even  the  short-winged  ones,  have  the  tegmina  in  the 
proper  position,  while  in  the  immature  insects  they  are 
folded  beneath  the  wings ;  the  principal  veins  of  the  wing- 
covers  and  wings  of  the  immature  insects  curve  downward 
instead  of  upward. 
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FAMILY  V. 

LOCUSTS  OR  SHORT-HORNED  GRASSHOPPERS. 

(Acndidx). 

The  members  of  this  family  differ  from  other  Saltatoria 
in  having  the  six  to  twenty-four  jointed  antennae  shorter 
than  the  body.  They  are  either  filiform,  flattened,  orensi- 
form,  rarely  clavate.  The  ovipositor  of  the  female  is  short, 
composed  of  four  plates.  The  first  segment  of  the  abdomen 
possesses  on  each  side  a  supposed  organ  of  hearing.  An- 
terior and  middle  legs  about  equal,  or  nearly  so,  in  length, 
much  shorter  than  the  posterior  pair,  which  is  fitted  for 
jumping.  The  tarsi  are  three-jointed,  the  first  joint,  usually 
the  longest*  and  much  longer  than  the  second,  has  the  under- 
side marked  by  two  cross  impressions,  which,  when  seen  on 
this  side,  give  it  the  appearance  of  being  composed  of  three 
pieces.  Wing-covers,  when  not  in  use,  rest  partly  horizontal 
on  the  back  of  the  abdomen,  and  partly  deflexed  against  the 
sides.  Most  of  the  species  possess  wings,  but  in  a  few  these 
organs  are  wanting.  The  head  is  usually  short  and  extended 
horizontally  in  two  of  the  sub-families.  Immediately  under 
the  vertex,  but  in  some  cases  above  it,  there  is  on  each  side 
a  little  space  bounded  by  elevated  ridges.  These  spaces  are 
called  lateral  foveolse,  and  their  variations  in  form  afford 
characters  much  used  in  classification.  The  front  is  gen- 
erally traversed  by  three  vertical  keels  or  carinas.  The  pro- 
notum  is  divided  into  four  lobes  by  three  more  or  less  well 
marked  transverse  sutures,  and  is  also  frequently  fiimished 
with  a  median  crest.  The  hind  tibiae  carry  upon  the  upper 
side  two  rows  of  spines;  the  numbers  of  these  is  of  use  in 
distinguishing  species;  the  presence  or  absence  of  the  hist 
spine  in  the  outer  row  is  of  much  greater  importance.  Be- 
sides these  spines  there  are  four  articulated  spurs,  which  are 
situated  in  two  pairs,  one  on  the  outer  and  one  on  the  inner 
side  of  the  tibiae.  In  the  male  the  ventral  surface  of  the  ab- 
domen consists  of  nine  segments^  in  the  female  there  are  but 
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eight.  The  caudal  end  of  the  body  in  the  female  has  four 
horny  appendages,  the  ovipositor;  in  the  male  the  ventral 
pair  of  appendages  is  represented  by  a  single  plate. 

As  mentioned  before,  the  males  of  many  species  of  Acri- 
didse  possess  stridulating  organs. 

Locusts  deposit  their  eggs  in  oval  or  bean-shaped 
masses  covered  with  a  glutinous  substance.  As  this  method 
of  laying  eggs  has  been  described  more  in  detail  when  giving 
the  description  of  our  migatory  species  it  is  not  necessary 
to  give  it  here,  especially  as  the  life-histories  of  our  locusts 
are  nearly  alike.  The  number  of  eggs  deposited  by  the  dif- 
ferent species  varies  greatly,  some  egg-masses  containing 
from  twenty-five  or  thirty  to  sixty  or  more,  and  as  in  many 
cases  several  such  masses  are  produced  by  each  female,  the 
number  of  offspring  can  be  quite  large.  Other  species,  as 
the  Coral-winged  Locust  {Hippiscus  tuberculatus)  deposit 
all  eggs  (125  to  130)  in  one  single  mass.  The  diflerent 
species  also  select  different  times  and  places  for  this  purpose, 
some  digging  holes  in  the  fall,  others  in  spring,  some  select- 
ing hard  gravel,  elevated  sandy  spots,  or  well  traveled 
roads,  while  some  select  soft  wood  for  oviposition. 

This  family  contains  a  large  number  of  species,  all  more 
or  less  injurious.  Even  the  non-migrating  species  seen 
everywhere  during  the  warmer  part  of  the  year  are  very- 
destructive,  and  deserve  the  full  attention  of  the  farmer. 
Yet  as  a  very  general  rule  nothing  is  done  to  reduce  their 
number,  nor  are  they  even  considered  very  injurious,  except-  * 
ing  in  seasons  of  drought,  when  every  blade  of  grass  is  de- 
voured. Damp  and  moist  weather  is  injurious  to  most 
species  of  locusts,  and  is  undoubtedly  the  most  effectual 
natural  agent  to  keep  them  in  check.  Extreme  changes  dur- 
ing winter  seem  to  destroy  the  vitality  of  the  eggs. 

All  young  locusts  are  greedy  feeders,  and,  considering 
their  size,  devour  immense  quantities  of  food.  They  molt 
their  skin  from  three  to  five  times.  The  wings,  in  form  of 
small  wing-pads,  appear  early  and  gradually,  and  become 
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larger  with  each  molt.    The  pupa  is  not  very  diflerent  from 

the  larva,  only  a  little  larger,  but  just  as  active  and  hungry 

as  it  or  the  adult. 

Prof.  Comstock  gives  the  following  classification : 

A.    Pul villi  present  between  the  claws  of  the  tarsi;  prono- 

tum  never  extending  over  the  abdomen. 

B.    Prostemum  unarmed. 

C.    Vertex  and  front  of  head  meeting  at  an  acute 

angle;    vertex   extending  horizontally;    front 

strongly  receding 1.    Tryxalinse. 

CC.    Head  rounded  at  the  union  of  the  vertex  and 

front;  front  perpendicular,  or  nearly  so. 

2>.    The  terminal  spine  of  the  outer  row  of  the 

posterior  tibiae  wanting;  second  abdominal 

segment  smooth 2.    CBdipodinsd. 

DD.    The  terminal  spine  of  the  outer  row  of  the 

posterior  tibiae  present;  second  abdominal 
segment  granulated  on  the  sides 

3.    Eremobinss. 

BB.    Prosternum   tuberculate,    or  mucronate,  or  pro- 
duced into  a  cone. 
C.    Head  rounded  at  the  union  of  the  vertex  and 
front ;  front  slightly  receding ;  antennae  filiform 

4.    AcridiDse, 

CC.    Vertex  extending  horizontally  in  front  of  the 
eyes;  front  strongly  receding;  antennae  more 

or  less  flattened 5.    Opomalinas, 

A  A.    No  pulvilli  bet  ween  the  claws  of  the  tarsi ;  pronotum 

extending  over  the  abdomen 6.    Tettiginas, 

Prof  Scudder,  in  his  "Guide  to  Orthoptera,"  has  only 
four  sub-families;  he  unites  3  with  2,  and  5  with  1, 

Prof  Fernald  gives  the  following  simple  table  of  the 
sub-families  found  in  New  England : 

(Pronotum    extending   back   to    the  tip  of  the  abdo- 

^  I     men Tettiginm. 

Pronotum  not  extending  back  to  the  tip  of  the  abdo- 
men   2. 
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fProsternum  mtfa  a  prominent  spine Acridinse. 
Prostemum  not  spined,  or  with  only  an  oblique  tuber- 
cle  ...3 

^  /Pace  very  oblique Tryxalinsd. 

\Face  not  oblique,  or  but  slightly  so CEdipodinse. 

SUB-FAMILY  TETTIGIN^E. 

GROUSE  LOCUSTS. 

These  very  small  locusts  possess  a  very  unusual  form, 
having  the  pronotum  prolonged  to  such  an  extent  thdt  it 
projects  to  or  beyond  the  abdomen.  The  head  is  deeply  set 
in  the  pronotum,  and  the  prosternum  is  expanded  into  a 
broad  border  partially  enveloping  the  mouth.  The  short 
antennae  are  very  slender.  The  wing-covers  are  rudimentary, 
and  resemble  small  rough  scales;  the. wings  are  very  large 
in  proportion.  Members  of  this  sub-family  possess  no  pul- 
villi  between  the  claws  of  their  tarsi. 

Tettiginse  are  very  common  in  some  localities,  and  espe- 
cially near  the  shores  of  our  lakes.  Here  they  feed  upon 
such  lowly  organized  plants  as  lichens,  molds,  etc.,  in  fact 
they  eat  mud  containing  decayed  vegetable  matter,  and  in 
this  way  they  act  very  differently  from  other  members  of 
the  order  of  orthoptera.  Being  usually  of  a  dark 
color,  which  blends  with  the  soil  upon  which  the  insects  rest, 
they  can  not  readily  be  seen ;  nor  are  they  easily  captured,  as 
they  are  very  active  and  possess  enormous  leaping  powers. 

There  are  two  groups  of  Tettiginse  : 
A .     Anterior  femora  more  or  less  compressed ,  carinate  above ; 

antennae  with  12-14  joints Tettigiae, 

AA.     Anterior  femora  distinctly  and  broadly  sulcate  above; 

antennae  with  15-22  joints Batrachideae. 

We  possess  three  genera  ot  Tettigix  in  Minnesota : 
A,    Median  carina  of  pronotum  cristiform;  superior  lateral 

sinus  (at  insertion  of  tegmina)  shallow,  not  nearly 

so  deep  as  the  inferior  sinus Notnotettix. 

AA.    Median  carina  of  pronotum    low;    superior   lateral 

sinus  nearly  as  deep  as  the  inferior  sinus. 
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b.  Vertex  of  fastigiutn  generally  broader  than  the  eyes^ 
projecting  beyond  them,  generally  angulate  ante- 
riorly  Tettix. 

bb.  Vertex  of  fastigium  narrower  than  the  eyes,  and 
not  projecting  beyond   them,  usually  truncate 

anteriorly Paratettix. 

The  genus  Tettigidea  is  the  only  one  found  m  Minnesota 
that  belongs  to  the  Batrachidese. 

GENUS  Nomotettix  Morse  (1894). 
Lateral  lobes  of  the  pronotum  with  the  postero-dorsal 
sinus  shallow,  about  one-half  the  depth  of  the  antero-ventral 
sinus.  Pronotum  advanced  upon  the  head,  rather  sharply 
tectiform.  Occiput  of  head  with  a  pair  of  nipple-like  or 
mammillate  protuberances  between  the  posterior  portion  of 
the  eyes  and  the  median  line. 

Nomotettix  parvus  Morse. 
Small.  Vertex  of  head  projecting  in  advance  of  eyes 
about  two-thirds  the  length  of  an  eye,  the  anterior  margin 
obtuse-angulate,  its  sides  straight,  rounding  shortly  into 
sides  of  crown,  the  mid-carina  showing  from  above  as  a  very 
small,  slightly  projecting  tooth.  Mid-carina  low  on  the 
crown,  disappearing  opposite  the  middle,  or  middle  of  the 
posterior  half,  of  the  eyes.  Profile  rounded  or  round-angu- 
late  at  top,  deeply  excavate  opposite  eye,  sub-protuberant 
opposite  lower  border  of  eyes,  the  face  more  retreating  than 
in  cristatus.  Sides  of  crown  sub-parallel,  slightly  excavate 
opposite  anterior  portion  of  eyes.    Mammillae  of  occiput 

scarcely  distinct,  pronotum  sharply  tecti- 
form, the  mid-carina  lower  and  less  arched 
longitudinally  than  in  cristatus;  anterior 
margin  of.  dorsum  projecting  but  little 
over  the.  head,  obtuse-angled,  the  sides 
straight  or  very  slightly  excavate.  Sur- 
face scabrous. 

Pig.  62.  ^  Nomotettix  _,-  .  ^  L-    u  n       r   "M- 

pmrruB.  orifirinai.  Thc  spccimcus  trom  which  Prof.  Morse 

described     this     interesting    insect    were 
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found  near  St.  Anthony  Park.  The  insect,  illustrated  in  Fig. 
62,  must  be  uncommon,  or  very  local,  as  no  others  have  been 
discovered;  the  line  gives  its  natural  length. 

GENUS  Tettix  Charpentier  (1841). 

Size  small;  form  slender;  head  small,  eyes  globular,  pro- 
truding; pronotum  compressed  anteriorly,  median  carina 
distinct,  hind  portion  extending  back  ovei:  the  abdomen  to 
or  beyond  its  extremity,  and  terminating  in  a  long  narrow 
point ;  wing-covers  very  short ;  wings  fan-like,  well  develop- 
ed, almost  as  broad  as  long,  and  as  long  or  longer  than  the 
abdomen ;  lower  anterior  angle  of  sides  of  pronotum  angu- 
lated  and  bent  inward. 

Tettix  granulatus  Kirby. 

Anterior  border  of  vertex  considerably  advanced  in  front 
of  eyes,  angulate,  the  apex  very  slightly  rounded,  or  rarely 
with  the  mid-carina  projecting  a  trifle.  In  profile  the  face  is 
quite  retreating,  the  vertex  considerably  advanced,  sinuate 
opposite  the  eyes,  and  moderately  protuberant  opposite 
antennae.  The  eyes  are  the  least  prominent  in  this  of  any 
species,  and  the  body  more  slender.  It  is  liable  to  be  mis* 
taken  for  T.  ornatus  only,  but  the  outlines  of  the  profile  and 
vertex,  considered  together,  need  leave  no  doubt  of  the 
species. 

Measurements. — Length  of  body,  female,  15  mm.,  male, 
12  mm.;  pronotum,  13  mm.;  hind  femora,  6  mm. 


¥ig,  63. — Tettix  granvlatuB  and  two  Tarieties.    Ori^nal. 
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This  is  one  of  oar  most  common  species,  fotmd  from 
April  to  late  in  September;  it  hibernates  among  rubbish  and 
loose  bark,  but  is  more  or  less  active  during  warm  days.  It 
is  very  common  on  the  sandy  shores  of  Lake  Superior.  It 
varies  greatly  in  color  and  markings,  some  having  a  very 
distinct  bright  yellowish  dorsal  stripe  extending  from  tip  to 
tip.    The  insect,  and  two  varieties,  are  shown  in  Fig.  63. 


Tettix  ornatas  Say. 

The  name  ornatus  expresses  well  the  appearance  of  this 
fine  insect,  which  has  numerous  styles  of  ornamentation. 
Perhaps  the  name  is  a  collective  and  not  a  specific  one. 
Morse  unites  with  ornatus  the  triangularis  of  Scudder,  which 
diflfers  from  it  by  having  the  pronotum  slightly  extending 
beyond  the  tip  of  the  abdomen  and  not  prolonged  into  a 
slender  point  as  in  ornatus.  The  pronotum  is  very  variable 
in  length,  in  some  reaching  the  end  of  the  hind  femur,  in 
others  passing  it  by  3.5  mm.;  the  wings  are  equally  vari- 
able, and  usually  least  developed  proportionally  in  those 
specimens  with  the  shortest  pronotum.  It  is  impossible  to 
draw  any  line  between  tliese  two  forms,  although  the  typi- 
cal forms  are  quite  distinct. 

The  species  is  readily  recognizable  from  the  characters  of 
the  vertex.  This  projects  in  front  of  the  eyes,  is  somewhat 
rounded  anteriorly  and  the  mid-carina  forms  a  distinct  pro- 
jecting tooth.  The  profile  is  rounded-angulate  above,  ex- 
cavate opposite  the  eyes  and  protuberant  opposite  the  an- 
tennae. Very  rarely  a  specimen  is  met  which  in  a  dorsal  or  a 
profile  view  approaches  granulatus  closely,  but  any  doubt 
of  its  identity  is  usually  dispelled  by  an  examination  of  it 
from  both  directions. 

Measurements. — Length  of  body,  9  to  10  mm.;  pro- 
notum, 9  to  11  mm.;  posterior  femora,  5  mm. 
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Thi|  cinereous  insect,  marked  with  yellow- 
ish and  black,  is  b}'  no  means  uncommon, 
being  found  from  April  till  October,  yet 
it  is  very  difficult  to  secure.  Sometimes 
early  in  October,  when  the  nights  are  already 
very  cool,  this  insect  may  be  found  in  large 
numbersupon  wooden  side  walks,  which  warm 
PIG.  6*.— Tctt/x  up  earlier  in  the  morning  than  the  ground. 

ornmtus.    Original.        *  .  . 

Here   they   squat,    evidently    enjoying    the 
warmth.    A  common  form  of  it  is  shown  in  Fig.  64. 

Tettix  triangulatis  Scudder. 
Variety  bracbyptera  occurs  in  Minnesota,  but  has  not 
been  seen  by  the  writer. 

Tettix  obscuras    Hancock. 

Form  slender;  pronotum  flattened  on  the  dorsum,  and 
the  lower  margins  of  the  lobes  strongly  distended  laterally; 
surface  of  dorsum  finely  rugose.  Wings  overreach  apical 
process. 

A  number  of  this  species  were  captured  early  in  spring  in 
an  open  field  near  St.  Anthony  Park. 

Tettix  Luggeri  Hancock. 

Vertex  slightly  advanced  in  front  of  the  eyes,  anterior 
border  convexed,  mid-carina  distinct ;  in  profile  face  moder- 
ately ampliate  opposite  the  antennae,  apex  less  prominent, 
frontal  costa  nearly  straight,  not  excavate,  with  the  vertex 
together  rounded  angulate.  Pronotum  tectiform,  truncate 
anteriorly,  median  carina  percurrent  and  prominent,  apical 
process  long,  subulate,  passing  beyond  the  kree  of  hind  fe- 
mora.   Wings  reaching  beyond  the  end  of  process. 

A  slender  form  allied  to  T.  granulatus,  but  differing 
principally  in  the  character  of  the  vertex  and  the  frontal 
costa  which  is  not  at  all  excavate.  Entire  length,  female,  1 5 
mm. ;  hind  femora,  6  mm. ;  pronotum,  14.5  mm. 

GENUS  Paratettix    Bolivar  (1887). 

A  description  of  the  genus  has  been  given  before. 
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Paratettix  cacallatas  ^Bnrm. 

This  species  (Fig.  65)  is  easily  recognized 
by  the  form  of  the  vertex.    From  above 
this  appears  about  equal  in  width  to  one 
of  the  large  and  prominent  eyes,  and  does 
not  project  in  advance  of  them;    its  front 
margin  is  sUghtlj-  hollowed,  the  concavity 
being  divided  by  the  mid-carina  which  pro- 
jects a  little.    In  profile  the  frontal  coata 
is  slightly  sinuate  opposite  the  eyes  and 
Fia  6B  —panttt-    strongly  protuberant  opposite  the  anten- 
iBtdl"""""''  °'^'     ^^-    "^^^  crown  of  the  head  is  channeled 
longitudinally  on  either  side  of  the  mid- 
carina,  the  sulci  being  stopped  abruptly  opposite  the  binder 
portion  of  the  eyes  by  a  pair  of  transverse,  sometimes  slight- 
ly oblique,  ridges.    This  character  is  found  in  several  species 
of  this  genus  and  in  this  species  appears  at  a  very  early 
stage,  showing  distinctly  in  specimens  only  3  mm.  in  length. 
The  body  is  less  compressed  than  in  granalatas,  being,  in 
truth,  depressed  rather  than  compressed.    The  pronotum  is 
advanced  upon  the  head  to  the  eyes,  and  the  median  carina 
is  obsolete  on  the  anterior  portion ;    the  posterior  process 
extends  2to  3  mm.  beyond  the  hind  femora,  exceeded  by  the 
wings,  and  is  very  constant  in  proportions. 

Measurements — Length  of  body,  10  mm.;  pronotum,  12 
mm.;  posterior  femora,  6  mm. 

This  species  is  very  abundant  in  low  fields  fairly  free 
from  vegetation.  It  deposits  eggs,  like  most  of  the  locusts, 
in  pod-like  masses  in  the  earth;  25  to  32  eggs  have  been 
found  in  each  pod.  The  eggs  hatch  in  about  sixteen  days 
into  pale  yellowish-white  insects,  with  large  and  swollen 
heads,  red  eyes  and  short  antennte. 

GENUS  Tettigidea    Scudder  (1862). 
Size  small;    form  robust  and  clumsy;    head  large  and 
broad,  with  the  front  less  sloping  and  with  median  ridge  of 
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the  face  more  prominent  than  in  the  genus  Tettix  and  P&ra- 
tettix;  antennae  21  to  22  jointed;  lower  anterior  angle  of 
sides  of  pronotum  rounded  and  not  bent  inward  as  in  Tettix; 
front  border  of  the  pronotum  thrust  forward  and  part- 
ly concealing  the  head ;  median  carina  straight,  somewhat 
curved  anteriorly;  lateral  carina  less  prominent  than  in 
Tettix,  and  not  so  strongly  bent  inward  in  advance  of  the 
broader  portion  of  the  pronotum. 

Tettigidea  lateralis  Say  (pennata)    Morse. 

Head  and  sides  of  body  blackish-brown ; 
hind  femora  with  a  rather  large  ochraceous 
spot  outside  about  the  middle ;    underside  of 
body  dirty  yellow ;  top  of  pronotum  light  or 
dark  testaceous,  sometimes  the  same  color  as 
the  sides  of  the  body,  with  a  testaceous  bor- 
der.   In  the  male  the  face  and  lower  anterior 
portion  of  the  pronotum  are  yellow.    Wings 
66— Ttti       and  pronotum  extending  beyond  the  abdo- 
Ortiefiiai**'^"^'*'''      nien,  wings  somewhat  longer  than  the  pro- 
notum.   The  insect  is  illustrated  in  Fig.  66. 
Measurements.— Male,  length  of  body,  10  mm.;   prono- 
tum, 11  mm.;  posterior  femora,  6  mm.     Female,  length  of 
body,  14   mm.;    pronotum,    15    mm.;     posterior  femora, 
7.5  mm. 

Tettigidea  polymorpba    Burm^ 

This  seems  to  be  simply  a  form  of  lateralis^  distinguished 
from  it  by  having  shorter  pronotum  and  wings.  Other- 
wise they  are  either  the  same  or  very  closely  allied. 

Both  species  are  common  in  Minnesota,  but  especially 
polymorpba  {parvipennis    Harr.). 

SUB-FAMILY  TRYXALIN-^. 

Prof.  Jerome  McNeill  has  quite  recently  published  an  ex- 
<rellent  account  of  the  insects  forming  this  sub-family.  Those 
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interested  should  consult  his  "Revision  of  the  Tryxalinae  of 
North  America.''    It  is  fully  illustrated. 

This  sub-family  is  easily  separated  from  all  others  with 
the  exception  of  the  CBdipodinae,  in  which  exist  genera  that 
form  a  perfect  connecting  link. 

The  Tryxalinae  differ  from  the  other  members  of  the  Acri- 
didse  by  possessing  a  conical  and  elongated  vertex,  the  front 
strongly  receding,  flattened  antennae,  which  are  inserted  be- 
tween the  middle  of  the  eyes,  or  farther  from  the  mouth 
than  their  middle.  The  eyes  are  usually  longer  than  that 
part  of  the  genae  below  them;  the  posterior  lobe  of  the  pro- 
notum  is  usually  shorter  than  the  anterior  part ;  the  median 
carina  isnot  at  all  crested,  and  thelastspine  of  the  outer  row 
of  the  posterior  tibiae  is  wanting.  The  difference  between 
this  family  and  the  CEdipodinae  is  in  the  joining  of  the  ver- 
tex and  front,  as  indicated  in  the  table  of  sub-families  given 
before. 

Most  members  of  this  sub-family  of  orthoptera  are 
grass-loving  insects,  which  delight  to  rest  upon  sandy  spots 
surrounded  by  these  plants.  They  strongly  contrast  in  this 
respect  with  the  CEdipodinae,  which  generally  prefer  barren 
hillsides,  dusty  roads  and  other  localities  characterized  by 
scanty  vegetation.  The  short  wings  of  the  former  are  never 
brilliantly  colored,  nor  are  their  tegmina  large  and  showy, 
as  this  would  not  blend  well  with  their  surroundings.  Yet 
the  colors,  even  in  the  same  species,  are  quite  variable, 
brown  or  green  tints  predominating. 

GENERA  OF  TRYXALIN^  FOUND  IN  MINNESOTA. 

A.  Head  equaling,  never  exceeding,  the  pronotum  in  length. 
Antennae  triquetrous  or  strongly  depressed  at  base; 
pronotum  with  the  lateral  lobes  vertical  and  straight 
and  the  lateral  carina  not  at  all  sinuate;  median 
carina  of  the  pronotum  generally  cut  much  behind  the 
middle;  the  disk  plain  and  unstriped. 
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B.  Spines  of  the  exterior  margin  of  the  posterior  tibiae 
15  or  more;  posterior  margin  of  the  disk  of  the 
pronotum   mostly    straight,    scarcely    angled   or 

rounded PseudopomaJa. 

BB.  Spines  of  the  exterior  margin  of  the  posterior  tibiae 
less  than  15 ;  posterior  margin  of  the  disk  of  the 
pronotum  obtusely  angled  or  rounded. 

C.  Tegraina  exceeding  the  abdomen  considerably  in 
both  sexes  (in  some  large  females  but  little); 
lateral  carinae  of  the  pronotum  quite  as  dis- 
tinct as  the  median ;  spurs  at  the  apex  of  the 
posterior  tibiae  on  the  inner  side  about  equal. 

Trjrxalis. 

CC.    Tegmina  not  exceeding  the  abdomen,  even  in 
the  male Opeia. 

AA.  Antennae  never  triquetrous,  sometimes  plainly  de- 
pressed basally  or  acuminate,  most  commonly  fili- 
form, rarely  clavate;  pronotum  with  the  lateral 
lobes  less  distinctly  vertical,  with  the  lateral  carina 
very  rarely  quite  straight,  but  gently  or  strongly 
sinuate  near  the  middle;  median  carina  of  the 
pronotum  generally  cut  in  or  not  far  behind  the 
middle. 

B,  Scutellum  of  the  vertex  with  a  distinct  median 
carina  wrhich  is  usually  a  coarse  raised  line 
stronger  anteriorly. 

C.  Spurs  on  the  inner  side  of  the  posterior  tibiae 
very  unequal,  the  apical  spur  being  twice  as 
long  as  the  other;  antennae  very  greatly  exceed- 
ing the  head  and  pronotum,  somewhat  clav- 
ate  Eritettix. 

CC.    Spurs  on  the  inner  side  of  the  posterior  tibiae 
about  equal  in  length. 
D,    Spines  on  the  exterior  margin  of  the  pos- 
terior tibiae  19-21 Syrbula. 
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DD.  Spines  on  the  exterior  margin  of  the  pos- 
terior tibiae  not  exceeding  15.  Median 
carina  of  pronotum  cut  much  behind  the 
middle  by  the  principal  sulcus. .CA7oea7tis. 

BB,    Scutellum  of  the  vertex  with  no  distinct  median 
carina. 

C  Posterior  margin  of  the  metazone  angulate. 
Tegmina  usually  much  shorter  than  the  ab- 
domen, with  the  ulnar  area  not  very  much 
wider  than  the  discoidal  area.... D/cJiromorpAa. 

CC,  Posterior  margin  of  the  metazone  rounded  or 
not  distinctly  angulate.  Tegmina  not  much 
shorter  than  the  abdomen,  with  the  ulnar 
area  very  wide  and  several  times  as  broad  as 
the  discoidal  area. 

Z>.    Hind  tibiae  never  red Orpbula. 

DD,    Hind  tibiae  red. 

E.  Median  carina  of  the  pronotum  high  and 
sharp,  cut  by  the  principal  sulcus  in,  or 
plainly  in  front  of,  the  middle.  Inter- 
calary vein  very  strong.  Apical  spurs 
on  the  inner  side  of  the  posterior  tibiae 
unequal Mecostethvs. 

EE,  Median  carina  of  the  pronotum  rarely 
cut  plainly  in  front  of  the  middle, 
in  this  case  it  is  not  high  and  sharp, 
or  the  intercalary  vein  is  not  strong. 

F.  Tempora  elongate,  narrow,  from  two 
to  four  times  as  long  as  broad.  The 
apical  spur  on  the  inner  side  of  the 
posterior  tibiae  is  much  less  than 
twice  as  long  as  the  one  beside  it. 

G.    Antennae  filiform.,,. Stenobothrus. 

GG,    Antennae  clavate.. GonjpAoceras. 
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FF.  Tempora  short,  little  longer  than 
broad  or,  when  twice  as  long,  the 
apical  spur  on  the  inner  side  of  the 
posterior  tibiae  is  twice  as  long  as 
the  one  beside  it Eremnus. 

GENUS  Pseudopomala    Morse  (1896):  ' 

This  insect  is  included  by  McNeill  in  the  Tryxalinae,  but 
"has  since  been  removed  by  Scudder  to  the  Acridiinse. 

**  Vertex  horizontal,  longer  than  broad,  semi-elliptical, 
medianly  convex  with  a  very  distinct  carina,  laterally  sulcate 
(female)  extended  into  lamina  (male),  with  the  margins  limit- 
-ed  by  lateral  carinae.  The  lateral  foveolae  are  wanting.  The 
frontal  costa  is  sulcate  throughout  with  slightly  divergent 
heavy  lateral  carinae  except  at  the  immediate  apex  where  it 
is  much  constricted.  The  face  is  very  declivent  and  straight 
or  a  very  little  sinuate  on  account  of  the  prominence  of  the 
frontal  costa  between  the  antennae.  These  are  very  slightly 
triquetrous  and  very  much  flattened  and  expanding  basally, 
equaling  the  short  diameter  of  the  eye  nearly  (male)  or  quite 
(female)  and  strongly  acuminate.  They  equal  the  head  and 
pronotum  in  length  (female)  or  greatly  exceed  them  (male). 
The  pronotum  is  but  little  longer  than  the  head.  Its  disk  is 
nearly  plain,  slightly  elevated  toward  the  median  carina 
which  is  distinct  and  cut  only  once  much  behind  the  middle 
by  the  principal  sulcus,  which  alone  is  apparent  upon  the 
disk.  The  lateral  carinae  are  distinct,  parallel,  cut  by  the 
principal  sulcus  only.  The  posterior  margin  of  the  metazone 
is  straight.  The  lateral  lobes  of  the  pronotum  are  vertical, 
slightly  convex  above,  with  the- anterior  and  posterior  mar- 
gins strongly  oblique,  the  one  straight,  the  other  sinuate 
just  above  the  posterior  lower  angle,  which  is  sharp  and 
sub-rectangular.  The  lower  margin  is  nearly  straight  and 
horizontal.  The  mesosternal  lobes  are  separated  by  a  space 
longer  than  broad  (female)  or  by  a  linear  ridge  with  a  deep 
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pit  on  either  side  (male).  The  wings  in  both  sexes  and  the 
tegmina  (female)  are  abortive  or  they  are  well  developed. 
In  the  male  the  scapular  area  is  enlarged  with  prominent 
veins.  The  posterior  femora  are  slender,  not  banded.  The 
posterior  tibiae  have  the  apical  spurs  on  the  inner  side  not  very 
unequal.  The  last  ventral  segmentof  the  male  is  horizontal, 
elongate ,  conical  and  four  times  as  long  as  the  penultimate 
segment.  The  valves  of  the  ovipositor  areexerted,  the  lower 
ones  furnished  with  a  strong  lateral  tooth,  the  upper  ones 
with  two  distinct  basal  teeth.*' 

Pseudopomala  brachyptera  Scudder. 

Brown,  dotted  faintly  above  with  black.  A  very  faint 
and  obscure  dark  stripe  extends  from  the  lower  border  of 
each  eye  along  the  side  of  the  pronotum.  Hind  femora 
dotted  with  black  along  the  upper  edge;  terminal  lobe  dark. 
Spines  tipped  with  black.  The  female,  which  is  more  uni- 
formly brown  than  the  male,  is   dotted    with    numerous 


Fig:.  67. — Pseudopomala  brachyptera,    Orifdnal. 

minute  dusky  specks,  and  hasshorter  wing-covers  and  wings. 
Fig.  67  shows  this  insect. 

Measurements.— Length  of  body,  male,  23.5-27  mm., 
female,  27.5-29.5  mm. ;  of  long  winged  tegmina,  male,  15.5- 
17  mm.,  female,  18-22  mm.;  of  tegmina,  male.  9-12.3  mm., 
female,  7-12  mm.;  of  hind  femora,  male,  13.5-15.5  mm,, 
female,  14-19  mm.;  of  head  and  pronotum,  male,  7.3-8.6 
mm.,  female,  7-12  mm.;  of  antennae,  male,  9.5-11.3  mm., 
female,  8.5-10  mm. 
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This  is  a  very  uncommon  insect  in  Minnesota,  and  only 
one  pair  was  found  late  in  summer  upon  Gray  Cloud  Island. 
Closer  collecting  will  doubtless  show  that  it  occurs  also  in 
other  parts  of  the  state,  as  the  species  has  an  extended  range, 
occurring  from  Illinois  to  New  York,  in  New  England,  and 
from  Iowa  to  Utah. 

GENUS  OpeiA  McNeill. 

Vertex  nearly  horizontal,  shorter  than  the  distance  be- 
tween the  eyes,  convex,  a  little  sulcate  behind  the  prominent 
lateral  carinse  which  meet  at  an  angle  of  about  90  degrees. 
Median  line  distinct.  Lateral  foveolae  not  visible  from 
above,  they  are  small  sulci  which  extend  from  the  ocelli 
toward  the  vertex  and  are  not  clearly  separated  from  the 
front.  The  frontal  costa  is  sulcate  except  at  the  apex,  and 
its  margins  are  slightly  and  regularly  expanded  downward. 
Seen  from  the  side,  the  face  is  straight  and  strongly  decliv- 
ent.  The  antennae  are  considerably  flattened  basally  and 
regularly  acuminate,  distinctly  shorter  than  the  head  and 
pronotum.  The  pronotum  has  the  disk  nearly  plain,  being 
slightly  elevated  to  the  median  carina.  This  and  the  lateral 
carinae  are  unusually  heavy  and  distinct  and  all  three  are  cut 
by  the  principal  sulcus  only  much  behind  the  middle.  The 
lateral  carinae  are  very  slightly  divergent  from  the  middle  of 
the  pronotum  to  the  posterior  margin  which  is  roundly  an- 
gulate.  Tlie  lateral  lobes  of  the  pronotum  are  not  quite  so 
high  as  long;  they  are  nearly  perpendicular,  being  very 
slightly  convex  above,  and  they  have  a  nearly  horizontal 
carina  extending  from  the  middle  to  the  postrior  margin. 
They  have  the  anterior  and  posterior  borders  strongly 
oblique  with  the  lower  margin  nearly  straight.  There  is  no 
posterior  tubercle.  The  mesosternal  lobes  are  separated 
{female)  by  a  space  about  as  long  as  wide,  the  metasternal 
lobes  by  a  space  longer  than  wide  (female)  or  nearly  contig- 
uous (male).  The  tegmina  are  little  shorter  than  the  abdo- 
men (female).    The  discoidal  area  is  occupied  by  a  weak 
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intercalary  vein  The  scapular  area  is  decidedly  expanded 
in  the  male,  and  filled  with  a  single  series  of  moderately 
strong  curved  cross  veins.  The  posterior  femora  are  not 
slender,  they  extend  somewhat  beyond  the  fcnd  of  the  abdo- 
men.   The  valves  of  the  ovipositor  are  but  little  exerted. 

Opeia  obscura  Thos. 

This  is  a  western  species,  but  a  male,  female  and  pupa 
were  found  late  in  October  in  the  extreme  western  part  of 
the  state,  in  Brown's  Valley.  They^  occurred  in  some  num- 
bers in  a  swampy  place,  but  were  mistaken  for  common 
insects,  hence  but  few  were  captured.  It  is  a  very  variable 
species,  with  a  brown  or  green  dorsum,  either  plain  or  with 
a  streak  of  fulvous  along  the  median  vein.  The  sides  are 
marked  by  a  stripe  extending  backward  from  the  e\'e,  wid- 
ening and  generally  becoming  more  obscure.  When  most 
distinct,  this  stripe  consists  of  five  parts,  as  follows:  an 
upper  streak  of  brown  or  fuscous  below  the  lateral  car- 
ina, below  this  a  lighter  streak  followed  by  a  white  line, 
and  still  below  this  the  light  and  dark  streak,  repeated. 
These  five  elements  of  the  lateral  stripe  vary  greatly  in  in- 
tensity of  coloration,  but  can  nearly  always  be  seen,  and  in 
all  cases  the  lower  fifth  of  the  pronotum  at  least  is  brown. 
The  tegmina  have  the  discoidal  area  occupied  by  a  row  of 
large  usually  distinct  quadrate  fuscous  spots  and  the  scapu- 
lar area  contains  a  whitish  mark. 

This  interesting  species  is  illustrated  in  Fig.  67Vi. 


Fig:.  67%. — Opcia  obscura.    Ori^nal. 

GENUS  Eritettix  Bruner  (1889). 

Head  conical,  occiput  not  elevated,  furnished  with  three 
carinse,  one  median  and  two  supplementary ;  the  former  ex- 
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tends  from  the  pronotum  to  the  tip  of  the  vertex  where  it  is 
enlarged,  the  latter  from  the  pronotum  to  a  point  opposite 
the  anterior  margin  of  the  eyes  where  each  suddenly  bends 
to  join  the  lateral  carinae  of  the  vrertex.    The  vertex  is  con- 
vex and  equilaterally  triangular.    Its   lateral   carinse  are 
generally  distinct,  sometimes  heavy,  raised  lines.    The  lat- 
eral foveolae  are  present  below  the  vertex,  sub-triangular, 
not  deeply  impressed,  sometimes  not  very  apparent  because 
of  the  slightness  of  the  lower  carinae  and  because  of  their 
small  size.    The  frontal  costa  has  its  sides  somewhat  regu- 
larly divergent  from  the  vertex  to  the  clypeus,  generally  a 
little  constricted  about  the  ocellus  and  slightly  sulcate  ior  a 
greater  or  less  distance  above  this  point  but  never  sulcate  to 
the  vertex.    The  antennae  are  thick,  generally  somewhat  flat- 
tened at  the  base  and  clavate  at  the  apex,  which  is  bluntly 
acuminate  and  scarcely  longer  than  the  head  and  pronotum. 
The  pronotum  has  the  lateral  and  median  carinae  distinct 
and  cut  once  only  by  the  principal  sulcus  decidedly  behind 
the  middle.    In  addition  to  these  usual   carinae   are  two 
supplementary  carinae  on  either  side  about  midway  between 
the  median  and  lateral  carinae.  The  posterior  margin  and  the 
lateral  lobes  of  the  pronotum  are  very  obtusely  angulate.  The 
lateral  lobes  of  the  pronotum  are  about  as  high  as  they  are 
long,  with  the  anterior  border  decidedly  or  little  more  oblique 
than  the  posterior     They  have  a  more  or  less  distinct  carina 
which  runs  obliquely  from  the  first  sulcus  to  or  toward  the  pos- 
terior margin.    The  lower  anterior  angle  is  obtuse,  the  pos- 
terior is  rectangular.  The  lower  margin  is  straight  and  hori- 
zontal on  the  posterior  half,  straight  and  slightly  ascending 
on  the  anterior  half  Themesosternal  lobes  are  separated  by 
a  space  much  wider  than  long,  and  themetasternal  lobes  by  a 
space  longer  than  wide,  in  both  sexes.    The  tegmina  and 
wings  are  usually  well  developed,  extending  much  beyond 
the  middle  of  the  wing  and  the  scapular  area  in  the  male  is 
widened  and  filled  with  a  series  of  rather  weak  and  not 
very  regular  oblique  veins.    There  is  no  intercalary  vein  and 
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the  dividing  soon  unites  with  the  plicate  vein.  The  oviposi- 
tor is  nearly  included.  The  posterior  femora  are  more  than 
usually  heavy,  with  the  apex  extending  beyond  the  abdo- 
men, and  they  are  never  banded.  The  posterior  tibice  are 
obscure  or  reddish,  never  blue,  and  the  inner  apical  spur  is 
about  twice  as  long  as  the  one  behind  it. 

Eritettix  tricarinatus  Thos. 

This  is  also  a  very  uncomtnoti  insect,  but  a  few  were 
found  with  other  insects  in  the  hopper-dozers  used  in  Otter 
Tail  county,  Minn.  Itvaries  greatly  in  color; 
some  are  almost  uniform  brown,  with  a 
darker  longitudinal  stripe  on  each  side  of 
head  and  pronotum,  edged  with  a  white  line 
on  their  outer  side  on  the  pronotum.  This 
white  line  seems  to  be  found  in  all  color-forms. 
In  many  specimens  the  color  below  this  line  is 
bright  green,  and  the  same  color  is  found  on 
the  anterior  edges  of  the  wings  and  on  the 
hind  legs.  Five  darker  spots,  sometimes  con- 
fluent, are  found  in  the  middle  field  of  the 
wing-covers.  The  insect  is  illustrated  in 
Fig.  68. 
Fig.  es.—BH-  Length  21.75  mm.;  oftegmina,  14  mm.;  of 
tui.   Original.         posterior  femora,  12.5  mm. 

Syrbula  adtnirabilis  Uhl.,  which  may  also 
occur  in  the  southern  part  of  the  state,  and  has  been  reported 
from  Winona,  has  not  been  seen  by  the  writer,  and  the  oc- 
currence at  that  place,  though  possible,  is  doubtful. 

GENUS  Cbloesltis  Harris  (1852). 

Vertex  triangular,  a  little  declivent,  not  extending  in 
front  of  the  eyes  as  much  as  the  distance  between  the  eyes, 
convex,  more  or  less  sulcate,  with  the  lateral  carin^e  little 
elevated  and  the  median  carina  slight  but  never  entirely 
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wanting.  The  lateral  foveolae  are  wanting.  The  frontal 
costa  is  more  or  less  rounded  above  the  ocellus,  plain 
or  very  faintly  sulcate  below  with  the  sides  sub-parallel. 
The  antennae  are  decidedly  flattened  at  the  base  and 
much  longer  than  the  head  and  pronotum  together, 
in  the  male  as  long  as  the  hind  femora.  The  face  seen 
from  the  side  is  nearly  straight.  The  pronotum  has  the 
disk  plain  with  the  three  carinae  equally  distinct  and  cut 
much  behind  the  middle  with  the  last  transverse  sulcus. 
The  lateral  carinae  are  plainly  (male)  or  strongly  (female) 
•curved.  The  posterior  margin  of  the  metazone  is  straight 
or  gently  curved,  not  angulate.  The  lateral  lobes  of  the 
pronotum  are  longer  than  high,  with  the  anterior  and  pos- 
terior margins  straight  and  strongly  and  equally  oblique, 
and  with  the  lower  margins  horizontal  or  slightly  descend- 
ing posteriorly,  more  decidedly  ascending  anteriorly. 
Mesosternal  lobes  separated  by  a  space  much  broader  than 
long,  the  metasttrnal  lobes  by  a  space  broader  than  long 
(female)  or  about  as  broad  as  long  (male).  The  tegmina 
sre  generally  abortive  (female)  or  well  developed  (male). 
The  scapular  area  is  unusually  expanded,  especially  near  and 
beyond  the  middle  in  the  male  (and  in  the  female  to  a  less 
-extent  when  the  tegmina  are  not  abortive),  and  is  filled 
with  a  series  of  strong  oblique  cross-veins.  The  discoidal 
is  as  broad  as  the  ulnar  area,  and  the  intercalary  vein  is 
present.  The  posterior  femora  are  rather  slender  or  moder- 
ately robust  and  more  or  less  distinctly  banded  above.  The 
posterior  tibiae  have  the  apical  spurs  on  the  inside  about 
•equal. 

THE  SPRINKLED  LOCUST. 

{Cbloealtis  conspersaHsLvr,). 

Light  reddish-brown,  sprinkled  with  black  spots;  a 
"black  line  on  the  head  behind  each  eye,  extending  on  each 
«ide  of  the  thorax  on  the  lateral  elevated  line;  wing-covers 
oblong-oval,  pale   yellowish-brown    with  numerous  small 
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darker  brown  spots;  wings  about  one-seventh  of  an  inch 
long,  transparent,  with  dusky  lines  at  the  tip;  hind  tibice 
pale  red,  with  the  spines  black  at  the  end.  Length  nearly 
nine-tenths  of  an  inch.  The  male  differs*  greatly  from  the 
female  in  coloration,  having  the  lateral  lobes  of  the  pro- 


Fi^.  69. — ChloSaltis  coaspersa,  female.    Ori^nal. 

notum  black.    Wing-covers  and  wings  are  variable.  Fig.  69 
shows  the  female,  and  Fig.  70  the  male. 

This  insect,  although  not  common,  is  found  throughout 
the  state,  and  has  been  frequently  caught  in  large  numbers 
in  hopper-dozers.  It  is  found  very  early  in  the  season  (June 
28),  and  lasts  until  late  in  the  autumn  (Oct.  3). 

The  Sprinkled  Locust  differs  in 
its  mode  of  oviposition  ver}- 
much  Irom  the  majority  of  other 
species.  Instead  of  laying  the 
eggs  in  the  ground,  as  is  usual, 

n,rieT  Lri^n^'!^'*"'*  connpcrsa.     |^  SClcctS  rottCU  StumpS   Or  Other 

slightly  decayed  wood  for  this 
purpose.  Blatchley,  in  the  Canadian  Entomologist,  writes 
as  follows:  **0n  Aug.  11,  1893,  I  discovered  a  female  in  the 
act  of  boring  a  hole  in  the  upper  edge  of  the  topmost  board 
of  a  six-plank  fence.  The  abdomen  was  curved  downwards 
and  the  forcipate  valves  of  the  ovipositor  were  used  as  p\nch- 
ers  with  which  small  pieces  of  the  wood  were  broken  off.  When 
discovered  the  abdomen  was  inserted  nearly  one-half  an 
inch  into  the  pine  board  and  the  upper  edge  of  the  opening 
about  the  sides  of  abdomen  was  covered  with  small  pieces 
of  wood,  just  as  the  dust  or  borings  will  accumulate  about 
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the  edge  of  a  hole  which  a  carpenter  is  boring.    Many  holes- 
were  found.*' 

The  females  of  this  species  can  easily  be  confused  with 
the  brown  females"  of  the  next  species,  the  Short- winged  Green 
Locust,  from  which  they  may  be  separated  by  the  slight  me- 
dian carina  of  the  vertex. 

GENUS  Dicbromorpba  Morse  (1896). 

Vertex  much  shorter  than  broad,  somewhat  declivent^. 
convex,  but  more  or  less  sulcate  behind  the  distinct  elevated' 
lateral  carinse.  These  are  straight  or  gently  curved  and 
meet  at  an  angle  of  90  degrees  or  more  in  a  blunt  points 
The  median  carina  is  entirely  wanting,  as  are  the  lateral 
foveolae.  The  frontal  costa  is  sulcate  above  atid  below  the 
ocellus,  with  the  sides  gently  diveigent  downward,  more  or 
less  constricted  just  below  the  ocellus  and  near  the  vertex. 
The  face  seen  from  the  side  is  nearly  straight.  The  antennae 
are  a  little  longer  (male)  or  scarcely  as  long  as  (female)  the 
head  and  pronotum.  The  disk  of  the  pronotum  is  plain  with 
the  three  carinse  very  nearly  straight  and  parallel.  All  are 
cut  distinctly  behind  the  middle  by  the  very  faint  principal 
sulcus.  The  first  and  second  transverse  sulci  are  not  visible 
npon  the  disk.  The  lateral  lobes  ol  the  pronotum  are  per- 
pendicular, longer  than  high,  with  the  anterior  and  poste- 
nor  margins  straightlj-  oblique,  the  latter  plainly  sinuate 
and  the  lower  margin  a  little  descending  posteriorly,  more 
strongly  ascending  and  sinuate  anteriorly.  The  lobes  of 
the  mesostemum  are  separated  by  a  space  broader  than 
long  (female)  or  as  broad  as  long  (male).  The  lobes  of  the 
metasternum  are  separated  in  the  female  by  a  space  as  long 
as  broad,  in  the  male  they  are  contiguous.  The  tegmina  are 
generally  abortive  sometimes  well  developed,  in  which  case 
the  scapular  area  is  not  expanded.  The  anal  field  of  the 
tegmina  meets  the  discoidal  field  at  an  angle.  The  posterior 
femora  are  stout  and  not  banded.  The  posterior  tibiae  are 
obscurely  colored,  with  the  apical  spurs  on  the  inner  side  not. 
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very  unequal.    The  valves  of  the  ovipositor  are  moderately 
exerted. 

THE  SHOer-WINGED  GREEN  LOCDST. 


(Dichromorpba  viridis  Scudder). 

Wing-covers  shorter    than   the   body,  a 

little  longer  than  the  wings.    Theinsects  vary 

greatly  in  color,  the  brown   outnumbering 

the  green  ones.    The  top  of  head  and  prono- 

tum  green;  sides  of  head  and  pronotum  dirty 

brown,  with  a  horizontal  black  band  behind 

the  eye,  extending  over  the  pronotum ;   front 

of  head  yellowish-brow^n;  fore  and  hind  legs 

reddish  -  brown ;     mesothoracic    legs    green, 

spines  of  tibise  tipped  with  black;  wing-covers 

above   green,   upon  the  sides  brown;  body 

beneath  yellowish.     The  female  varies  from 

bright  pea-green  to  a  uniform  rusty-brown, 

with  a  dark  band  behind  the  eye,   as  in  the 

male ;  upon  the  top  of  the  head  a  dark  band 

extends  from  either  side  of  the  vertex,  curv- 

Fi8,  ii.—Dicb-     ing  inwards  and  then  outwards  to  midway 

Original.  between  the  median  and  lateral  cannae;  hind 

tibiiE  reddish-brown.    The  males  are  much 

smaller,  have  the  back  green  and  rest  of  body  brown.    Fig. 

71  shows  the  female  oi  this  insect. 

Length  of  male  about  18.75  mm. 

This  insect  has  been  found  in  a  number  ol  places  in  the 
■central  and  southern  portions  of  the  state,  but  is  not  com- 
mon. It  occurs  in  open  wet  spaces  covered  with  coarse 
^ass.and  has  been  taken  as  early  as  July  22  on  Gray  Cloud 
Island. 

GENUS  Orphula.    StfLl.  (1873). 

Vertex  nearly  horizontal,  never  extending  in  front  of 
-the  eyes  a  distance  greater  than  its  own  width,  always  more 
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or  less  sulcate,  with  or  without  a  faint  median  carina.  The 
lateral  foveolae  are  obsolete  or  distinct,  elongate  triangular, 
or  linear,  not  visible  from  above.  The  frontal  costa  is  plain 
or  sulcate  with  the  sides  nearly  straight  and  very  moder- 
ately divergent.  The  face  is  nearly  straight  or  a  little  arcu- 
ate, never  at  all  sinuate.  The  antennae  are  filiform,  some- 
times depressed  and  acuminate  at  the  apejc.  The  pronotum 
has  the  disk  nearly  plain,  with  the  median  carina  cut  in  or 
behind  the  middle.  The  lateral  carinae  are  generally  decid- 
edly or  strongly  sinuate,  rarely  nearly  straight  and  diverg- 
ent from  the  front  border,  or  from  the  first  and  second 
sulcus.  Very  rarely  they  are  nearly  parallel.  The  lateral 
lobes  of  the  pronotum  have  the  anterior  border  decidedly 
oblique  and  straight  or  a  little  arcuate,  the  posterior  border 
is  less  oblique  and  more  or  less  sinuate  and  the  lower  border 
is  decidedly  angulate  in  the  middle.  The  mesostemal  lobes 
are  separated  by  a  space  broader  than  long  (female)  or 
about  as  broad  as  long  (male),  and  the  metasternal  lobes 
by  a  space  not  broader  than  long  (female)  or  they  are  con- 
tiguous (male).  The  tegmina  and  wings  are  well  developed, 
a  little  shorter  or  much  longer  than  the  abdomen.  The 
former  are  very  narrow,  with  the  scapular  area  not  more 
expanded  in  the  male  than  in  the  female.  The  discoidal  area 
is  destitute  of  the  intercalary  vein  and  the  ulnar  area  in 
the  male  is  sometimes  much  widened  and  regularly  reticulate. 
The  posterior  femora  are  moderately  slender  or  rather 
heavy.  The  apical  spurs  on  the  inner  side  of  the  posterior 
femora  are  never  very  unequal.  The  valves  of  the  ovipositor 
are  moderately  exerted. 

THE  SPOTTED- WINGED  LOCUST. 

(Orphula pelidna  Burm.). 

This  is  the  insect  perhaps  better  known  as  Stenobothrus 
tnaculipennis  Scud.  It  is  very  variable,  and  a  description 
to  cover  all  forms  can  not  be  well  formulated.    Head  and 
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FiB.  7 
,phuTap 
•Original, 


top  of  pronotum  green  (brown  in  others);  a  broad  reddish- 
.brown  band  extends  from  tlie  eyes  to  the  posterior  side  of 
the  pronotum,  limited  above  by  the  lateral 
carinie.  ^vhich  are  white.  Sides  of  the  prono- 
tum below  the  band  brownish  or  dull  yel- 
lowish. Wing-covers  extending  beyond  the 
end  of  the  abdomen  green,  with  a  row  of 
square,  black  spots  along  the  middle,  and  a 
few  irregularly  scattered  smaller  black  spots. 
It  is  a  rather  common  insect  in  sandy  or 
barren  spots,  and  occurs  in  fairly  Isirge  num- 
bers along  the  bluffs  of  the  Mississippi  Eiver, 
where  it  is  fully  grown  about  the  first  of 
August.    Fig.  72  shows  this  insect. 

The  structural  characters  of  the  head, 
2  _Q^     vertex  and  pronotum  are  the  best  means  of 
eiidna.     separating  it  from  others  of  the  same  genus. 
Length,  male,  16-19  mm.,  female,  20-24 
mm.;    tegmina,    male,   14-17.5  •mm.,    female,   18-20    mm.; 
antenna:,   male,   7-10  mm.,  female  8.5-10  mm,;    posterior 
femora,  male,  9.5-11  inm.,  female,  12-14  mm. 
Orpbula  speciosa  Send. 
(Stenobothcas  eequaUs  Scud.). 
This  is  also  a  rather  common  locust,  found  everywhere 
on  dry  soil;  it  is  also  variable  in  coloration.    It  was  first 
■described  by  Scudder  from  Minnesota  specimens. 

Vertex  of  the  head  quite  broad,  not  expanding  at  the 
sides;  apex  not  rounded;  the  sides  of  the  angle  straight; 
■edges  upturned  considerably;  n  slight  median  grove;  no  lat- 
eral foveolse.  Sides  of  the  pronotum  approximate,  con- 
stricted in  the  middle ;  lateral  carina;  not  so  prominent  and 
sharp  as  the  median.  Wings  as  long  as  the  tegmina,  ex- 
tending beyond  the  tip  ol  the  abdomen. 

Brown  above,  pale  yellow  beneath.  Face  yellowish- 
•brown;  parts  of  the  mouth  pale- yellow.    Antennse  reddish- 
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brown.  A  narrow  curved 
streak  on  the  top  of  the 
head  from  the  inner  edge 
of  the  eye  to  the  lateral 
carinae;  a  narrow, 
Fi«.73.-orpi,»;-.p«;o«.™«fc.  Origin.!,  straight,  white  streak 
from  the  eye  to  the  lateral  carinse;  the  upper  half  of  the 
sides  of  the  pronotum  brownish,  darkest  above.  Legs 
yellowish-brown;  spines  of  thetibiie  tipped  with  black.  Teg- 
mina  brownish  at  base;  apical  half  pellucid,  with  rosaceous 
nervures ;  costa  with  a  dark  streak  beyond  the  middle. 

Length,  male,  14-15  mm.,  female,  20-21  mm.;  tegmina, 
male,  12-13  mm.,  female,.  12-16  mm.;  antennie,  male,  5-6 
mm.,  female,  6  mm.;  posterior  femora,  male,  9  mm.,  female, 
11  mm.  Both  sexes  are  shown  in  the  illustrations  (Pig.  73 
male,  Fig.  74,  female). 

GENUS  Stenobuthras  Fischer  (1843). 
Vertex  triangular,  obtuse  (of  the  male  acute),  with  the 

foveola,  which  are  visible  from  above,  narrow,  oblong, 
rhomboidal.  Antennte  filiform. 
Frontal  costa  convex.  Pronotum 
with  the  disk  almost  plain,  the 
median  carina  distinct  and  cut  by 
the  principal  sulcus  only,  and  the 
lateral  carin^e  straight  or  more  or 
less  arcuate  or  sinuate.  The  lat- 
eral lobes  of  the  pionotum  about 
equally  high  and  long,  with  the 
I  lower  angles  somewhat  obtuse. 
Tegmina  fully  developed,  rarely 
abortive,  with  the  mediastine  area 
more  or  less  extended,  either  nar- 
row throughout  or  widened  at  the 
base,  and  sometimes  including  an 
adventitious  vein.  The  scapular 
area  is  filled    with   oblique  trans- 

ttm£i.  'uri^nTh"''  •'™'""'     verse  veins  and  in  the  male  is  di- 
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lated.  The  radial  vein  is  composed  of  three  principal 
branches;  there  is  no  intercalary  vein.  The  ulnar  vein  is 
composed  of  two  branches  which  sometimes  unite  again  be- 
fore the  middle,  the  dividing  vein  is  straight,  and  the  plicate 
vein  is  free  or  united  with  the  dividing.  The  wings  are  fully 
developed  or  rarely  abortive,  not  fenestrated,  rarely  want- 
ing. The  posterior  femora  are  frequently  dull  testaceous, 
rarely  red.  The  sternum  is  rathpr  broad,  with  the  mesos- 
ternal  lobes  widely  separated  and  the  metasternal  lobes  dis- 
tinct. The  first  abdominal  segment  is  furnished  with  a 
closed  tympanum.  The  anal  segment  is  longitudinally  sul- 
cate  with  the  supra-anal  plate  of  the  male  obtusely  tri- 
angular. The  sub-genital  plate  of  the  male  is  recurved  with 
the  apex  obtuse  or  acuminate.  The  valves  of  the  ovipositor 
are  short  but  exerted,  and  sometimes  furnished  with  a  lat- 
eral tooth. 

THE  SHORT-WINGED  LOCUST. 

{Stenobothrus  curtipennis  Harr.). 

Olive-gray  above,  variegated  with  dark  gray  and  black; 
legs  and  body  j'ello w  beneath ;  a  broad  black  line  extends 
from  behind  each  eye  on  the  side  of  the  thorax;  wing- 
covers,  in  the  males,  as  long  as  the  abdomen,  in  the  female 
covering  two-thirds  of  the  abdomen;  wings  rather  shorter 
than  the  wing-covers,  transparent,  and  faintly  tinged  with 
yellow ;  hinder  knees  black ;  spines  on  the  hind  tibiae  tipped 
with  black. 

This  is  a  very  abundant  locust,  found  most  commonlv 
among  tall  grasses  of  low  and  damp  prairies  and  among 
blue  grass  growing  thickly  in  shaded  situations.  In  such 
places  they  can  be  found  from  earl}^  July  till  late  in  October. 
They  are  very  easily  distinguished  from  all  other  locusts  by 
their  short  and  narrow  wings,  the  yellow  color  of  the  body 
beneath,  and  by  the  prominent  yellowish  hindlegswith  black 
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knees.  Theirnoisclesslifeisbtitpoorand  short,  nor  does  this 
insect  leap  well.  McNeill  says  that,  like  its  allies,  it  can  scarcely 
be  said  to  either  fly  or  jump,  but  it  suffers  little  or  nothing 
in  lacking  these  accompHshments,  as  its  astonishing  facility 
as  a  tumbler  and  contortionist  generally  discoarage  all  but 
the  most  determined  efforts  for  its  capture.  It  is  as  prightly, 
wide-awake  little  "hopper,"  and  an  artful  dodger. 

V"When  about  to  stridulate  these  in- 
sects place  themselves  in  a  nearly  hori- 
zontal position,  with  the  head  a  little  ele- 
vated. They  then  raise  both  hind  legs  to- 
gether, the  hind  tibiae  bent  back  snugly 
,  against  the  femora  during  the  movement 
and  grate  the  thighs  against  the  outer 
surface  of  the  tegmina." 


arllptnnli,  fema.it.    OrigltiBl. 


[1  „._ 

f        \  Two    forms    occur,   and    several   well-  ■ 

Fig.    78.  — steno-     marked  color  varieties.     The  lone-winged 
male.  Original.  form  was  dcscnbeu  as  /on^i/>enms,  Scudder; 

it  is  not  as  common  in  Minnesota  as  the  short-winged  one. 

Total  length  male,  14  to  22  mm.;  female,  12.4  to  23 
mm.;  of  body,  male,  13.5  mm.  to  15.5  m.;  of  female,  15  to 
24.5  mm.;  of  tegmina,  male,  8.5  to  15  ram.,  female,  7  to 
16.5  mm  ;  of  hind  femora,  male,  10.5  to  11.8  mm.,  female, 
11.5  to  14  mm.;  orantenna£,  male,  8.5  to  10.5mm.,  female, 
€.5  to  8  mm. 

In  Fig.  75  is  shown  a  long-winged  male,  and  in  Fig.  76 
a  short-winged  female. 
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GENUS    Gomphocerus    Thumb. 

Similar  to  Stenobothrus  except  that  the  antennae  are 
furnished  with  a  short  depressed  club  at  the  apex,  and  (ac- 
cording to  Brunner)  the  tympanum  is  partially  open.  Face 
almost  vertical  or  sub-oblique.  Antennae  long,  multiarticu- 
late,  filiform  for  three-fourths  of  the  distance  from  the  base, 
the  remaining  joints  forming  a  compressed  expanded  mass, 
not  so  large  in  the  female  as  in  the  male,  terminating  in  a 
point.  Ocelli  slightly  visible.  Eyes  oval,  slightly  prominent. 
Pronotum  short;  its  disk,  flat,  tricarinate;  the  lateral  carinae 
sinuous,  curving  inward  or  forming  an  entering  angle  near 
themiddle;  the  posterior  border  rounded.  Elytra  and  wings 
as  long  as  or  a  little  longer  than  the  abdomen.  Abdomen 
somewhat  compressed ;  sub-anal  plate  of  the  male  usually 
convex  below,  almost  triangular.  Prosternum  unspined, 
smooth.  Legs  of  medium  length,  and  posterior  femora  of 
the  usual  form. 

Gomphocerus  clavatus  Thomas. 

This  and  G.  clepsydra  Scudder  seem  to  be  the  same.  This 
insect,  easily  distinguished  from  all  members  of  the  sub-fam- 
ily Tryxalinae  by  its  clavate  antennae,  which  are  very  prom- 
inent in  the  male,  occurs  everywhere  in  the  prairies  of  Min- 
nesota, from  the  Red  River  Valley  in  the  north  to  the 
•  Pipestone  quarries  in  the  south ;  in  the  former  region  it  was 
found  in  the  adult  stage  as  early  as  July  7.  The  description 
of  c/avatas,  as  given  by  Thomas,  is  as  follows:  Male. — 
Small  size,  antennae  clavate ;  elytra  without  spots.  Vertex 
scarcely  expanding  in  front  of  the  eyes ;  the  margins  obtuse, 
elevated,  meeting  in  front  in  an  angle  a  little  less  than  a 
right  angle;  apex  obtuse;  lateral  foveolae  distinct,  linear. 
Face  oblique  and  slightly  rounded ;  frontal  costa  very  prom- 
inent, not  sulcate  at  any  point,  gradually  expanding  below 
it  and  the  entire  face  densely  punctured ;  the  lateral  carinae 
distinct ;  the  sulcus  that  extends  from  the  eye  downward, 
sharp  and  distinct.    Antennae  passing  the  thorax ;  the  joints 
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in  the  middle  portion  somewhat  distinct ;  the  apex  formed 
into  a  flattened  club,  very  distinct;  the  cylindrical  basal 
portion  consists  of  about  seventeen  joints,  usual  form;  the 
club  of  about  seven  joints,  much  shortened.  Pronotum 
broadest  and  slightly  swollen  near  the  front,  somewhat 
contracted  posteriorly ;  the  three  carinae  about  equally  dis- 
tinct, approximate,  the  lateral  pair  curve  inward,  making  the 
nearest  approach  to  each  other  a  little  in  advance  of  the 
middle;  sub-truncate  in  front,  very  obtusely  rounded  behind. 
Elytra  and  wings  nearly  as  long  as  the  abdomen ;  the  ner- 
vules  of  the  disk  and  lower  field  of  the  former  scalariform. 
Sub-anal  plate  elongate,  prow  shaped,  keeled,  entire  at  the 
tip,  which  is  sub-acute.  Vertex  and  pectus  densely  punc- 
tured. Anterior  tibiae  grooved  externally,  and  broad 
toward  the  apex.    Face  and  cheeks  mottled  with  testaceous 

and  brown  (dried  after  immersion  in  al- 
cohol); back  of  the  head  reddish-brown. 
Disk  of  the  pronotum  reddish-brown, 
with  a  brassy  lustre ;  sides  with  the  up- 
per portion  brown,  the  lower  margin 
testaceous.  Elytra  pale-brownish,  with- 
out spots.  The  abdominal  segments 
marked  on  each  side  with  a  black  spot, 
those  on  the  basal  segment  largest,  de- 
creasing in  size  toward  the  apex,  where 
they  are  almost  obliterated.  Ventral 
portion  pale-yellow.  Anterior  legs  car- 
neous ;  posterior  femora  with  the  upper 
mg.  7«H.— Go/npiioceros  portion  of  the  external  face  rufous,  yel- 

low  beneath;   internal  face  black  near 
the  base ;  tibiae  pale  reddish-yellow,  spines  black. 

Measurements:— Length,  male,    14   mm.;   elytra,  9.25 
mm. ;  posterior  femora,  9.5  mm. ;  posterior  tibiae,  8  mm. 
This  species  is  illustrated  in  Fig.  76%. 
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GENUS  Eremnus  McNeill  (1897). 

Vertex  somewhat  declivent,  broader  than  the  frontal 
costa  at  the  clypeus,  sulcate,  without  a  median  carina, 
bounded  by  straight,  sharp  but  slight  carinae,  which  meet  at 
the  front  at  an  angle  greater  or  less  than  a  right  angle.  The 
lateral  foveolae  are  sub-quadrate,  about  twice  as  long  as 
broad,  very  distinct  and  very  apparent  from  above.  The 
frontal  costa  is  about  half  as  wide  at  the  vertex  as  at  the 
clypeus,  slightly  sulcate  with  low  broad  carina  along  the 
sides.  Seen  from  the  side  the  face  is  moderatelv  arcuate  and 
moderately  oblique.  The  antennae  are  filiform,  a  little 
(female)  or  considerable  (male)  longer  than  the  head  and 
pronotum.  The  median  carina  of  the  pronotum  is  quite 
distinct  and  cut  once  behind  the  middle  of  the  principal  sul- 
cus. The  lateral  carinae  are  very  strongly  sinuate  and  the 
posterior  margin  of  the  metazone  is  roundly  and  very  ob- 
tusely angulate.  The  lateral  lobes  of  the  pronotum  are 
higher  than  long  with  the  anterior  and  the  posterior  mar- 
gins nearly  straight  and  vertical.  The  mesostemal  lobes 
are  separated  by  a  space  several  times  as  wide  as  long  in 
both  sexes.  The  metastemal  labes  are  separated  by  a  space 
a  little  longer  than  wide  in  male  and  female.  The  tegmina 
and  wings  are  well  developed,,  not  quite  equaling  or  some- 
what longer  than  the  abdomen.  The  former  have  the  scapu- 
lar area  transparent  and  filled  with  a  single  series  of  oblique 
cross-veins.  The  discoidal  and  the  ulnar  areas  have  each  a 
false  vein  with  a  single  row  of  cells  on  either  side.  The 
posterior  femora  have  three  usually  well  marked  sub-tri- 
angular or  irregular  brown  spots  on  the  upper  face.  The 
posterior  tibiae  are  red  or.  yellowish  with  the  spurs  on  the 
inner  side  much  elongated  and  very  unequal.  The  ovipositor 
is  very  slightly  exerted,  only  the  extreme  tip  being  visible. 

Eremuus  (Aulocara)  Scudderi  Bruner. 

General  color  dull  brown,  in  some  specimens  inclining  to 
ferruginous,  the  tegmina  usually  very  heavily  and  evenly 
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niottled  with  dark  brown  quadrate  spots,  sometimes  only 
confined  to  the  disk.  Some  specimens  have  a  light  testace- 
ous band  reaching  from  the  vertex  backwards  across  the 
middle  of  the  occiput  and  pronotum  to  the  tips  of  the  teg- 
mina.  Posterior  femora  faintly  marked  with  bands  and 
spots ;  hind  tibise  bright  coral  red  with  a  whitish  basal  an- 
nulus,  the  knee  black;  antennae  ferruginous,  testaceous  or 

lavender  usually  the  latter  in  living 

specimens.     Lower   surface    dirty 

yellowish -white. 
Length  of  body,  male  14.5  mm., 

female  20  mm. 
Fifir.  77,^EntmnusScaddeH.       ^his  iuscct  (Fig.  77),  is  not  com- 

mon,  but  is  found  among  the  grass 
in  our  prairies.  It  prefers  sandy  spots,  upon  which  it  will 
settle  very  closely,  evidently  protected  in  this  manner  by  its 
similarity  of  color  to  such  surroundings.  It  leaps  vigorously 
for  several  times  in  succession,  and  without  noise.  It  is 
found  from  middle  of  July  to  early  October. 

SUB-FAMILY. 

{CEdipodinas.) 

This  sub-family  includes  two  tribes,  the  CBdipodini  and 
Eremobiiniy  but  as  no  insects  belonging  to  the  latter  occur 
in  Minnesota  it  is  not  necessary  to  give  its  distinguishing 
characters,  which  have  already,  in  part,  been  given  in  the 
classification. 

CEdipodinse  include  genera  in  which  the  head  is  rounded 
at  the  union  of  the  vertex  and  front,  and  in  which  the  front 
is  perpendicular  or  nearly  so.  The  antennas  are  linear  or 
sub-linear,  and  usually  inserted  nearer  the  mouth  than  the 
middle  of  the  eyes;  sometimes  they  are  inserted  just  in  front 
of  the  eyes,  which  are  small  or  of  medium  size,  and  really 
longer  than  that  part  of  the  cheeks  below  the  eyes.  In  the 
typical  forms  the  posterior  lobe  of  the  pronotum  is  longer 
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than  the  anterior  one,  and  the  median  carina  is  frequently 
entirely  or  partialh-  crested.  As  in  the  preceding  sub-family 
the  last  spine  of  the  outer  row  of  the  posterior  tibiae  is 
wanting. 

We  possess  in  the  United  States  not  less  than  twenty- 
three  genera  only  found  here  or  in  Mexico.  The  insects 
belonging  here  are  mostly  large  and  showy,  often  possess- 
ing bright-red,  yellow,  or  even  blue  wings  with  black  bands. 
Nearly  all  the  bright-colored  locusts  found  in  the  United 
States  belong  to  this  sub-familj';  most  of  them  are  very 
conspicuous  objects  in  flight,  when  they  show  their  color> 
which  is  at  other  times  entirely  hidden.  This  seems  to  indi- 
cate that  these  bright  colors  of  the  wings  are  by  no  means 
protective,  but  are  probably  of  some  value  in  the  mating  of  the 
sexes.  The  color  of  the  wings  varies  greatly  in  the  same  spe- 
cies, and  we  can  in  some  cases  find  individuals  that  show  all 
the  shades  of  color  from  dull  white  through  yellow  and  orange 
to  Vermillion  red.  This  greater  intensity  of  color  is  partly 
due  to  age,  and,  perhaps,  to  higher  temperature.  CEdipodiam 
are  also  very  noticeable  on  account  of  the  rattling  noise 
which  the  males  of  most  species  produce  in  flight.  Even 
some  females  produce  such  sounds,  but  in  a  less  degree. 
Stridulation  is  produced  also  when  the  insect  is  sitting  on 
the  ground,  by  rubbing  the  hind  thighs  against  the  wing- 
covers,  the  intercalary  vein  of  which  is  in  most  cases  toothed 
or  roughened. 

Genera  of  QSdipodini  found  in  Minnesota. 

A.  Interspace  between  the  metasternal  foramina  linear,  or 
distinctly  longer  than  broad  in  the  male,  narrower 
than  the  interspace  between  the  mesosternal  lobes  in  the 
females. 

B.  Tegmina  subcoriaceous,  densely  or  irregularly  reticu- 
late, only  at  the  apex  remotely  areolate ;  wings 
brightly  colored,  red  or  yellow  at  base;  none  of  the 
veins  incrassate  and  no  costal  stigma Arpbia. 
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BB,  Nearly  the  whole  apical  half  of  the  tegmina  mem- 
branaceous; traversed  bj  straight  veinlets;  wings 
with  dilute  coloring ;  the  veins  next  the  costal  mar- 
gin and  frequently,  in  the  male,  the  median  vein  in- 
crassate;  costa  with  a  dusky  stigma. 

C.  The  intercalary  vein  of  the  tegmina  running  mid- 
way between  the  median  and  ulnar  veins,  only 
apically  a  little  approximating  the  former; 
veins  of  the  wings  slightly  or  scarcely  in- 
crassate Cbortophaga. 

CC.  The  intercalary  vein  of  the  tegmina  distinctly 
nearer  the  ulnar  than  the  median  vein,  the  veins 
next  the  costal  margin  and  the  median  vein  dis- 
tinctly incrassate  in  the  male;  antennae  long, 
slender Encoptolopbus. 

AA.    Interspace  between  the  metasternal  foramina  rather 
broad,  in  the  male  quadrate,  in  the  female  transverse. 
B.    Principal  sulcus  more  or  less  obsolete  or  delicate  in 
the  lateral  lobes. 

C.  Smaller  forms.  Pronotum  not  rugose;  wings 
sub-vitreous Camnula. 

CC.  Larger  forms.  Pronotum  rugose;  wings  color- 
ed  Hippiscus, 

BB.  Principal  sulcus  distinctly  developed  on  the  lateral 
lobes. 

C.  Pronotal  carina  entire  or  intersected  by  but  one 
sulcus.  Pronotum  crested  or  carinate,  but  not 
excessively. 

D,    Wings  conspicuously  marked,  but  not  band- 
ed  Dissosteira. 

DD.    Wings   with    a    fuscous    arcuate    median 
band Spharagemon, 

CC.    Pronotal  carina  twice  intersected  by  transverse 
sulci. 
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Z>.  Inferior  margin  of  lateral  lobes  oblique,  the 
posterior  angle  thereby  acute  or  posteriorly- 
produced. 

E.  Lateral  canthi  of  the  metazona  termi- 
nating  at  tlie  principal  Sulcus,  or,  if  con- 
tinued, it  is  a  different  course;  tegmina 
fasciate  or  maculate Mestobregma. 

EE.  Lateral  canthi  of  the  metazona  acute, 
passing  in  the  same  course  beyond  the 
principal  sulcus;  proximal  half  of  the 
tegmina  densely  coriaceous Psinidia. 

DD,  Inferior  margin  of  the  lateral  lobes  hori- 
zontal, but  anteriorly  oblique,  the  posterior 
angle  rounded-rectangulate. 

F.    Radiate  veins  of  anal  field  of  wings 
normal Trimerotropis. 

FF.    Radiate  veins  of  anal  field  of  wings 
d istinctly  incrassa te Circotettix. 

GENUS    Arpbia    Stal.  (1873). 

Body  compressed;  pronotum  granulated ;  median  carina 
either  notched  or  entire.  Wing-covers  subcoriaceous,  densely 
'  and  irregularly  reticulate,  only  at  the  apex  remotely  areo- 
late ;  the  intercalary  vein  nearer  the  median  than  the  ulnar 
vein ;  of  one  color,  but  sprinkled  with  minute  black  dots. 
Wings  brightly  colored,  red  or  yellow  at  the  base,  mar^ned 
externally  with  black ;  none  of  the  veins  incrassate  and  no 

costal  stigma;  ulnar  area  not  noticeably  dilated. 

* 

THE  YELLOW-WINGED  LOCUST. 

{Arpbia  sulpburea  Fab.). 

Foveola  of  the  vertex  in  the  female  slightly  transverse, 
divided  by  a  median  carina,  triangular  in  front,  the  margins 
raised  and  connecting  in  front,  or  approaching  near  to  each 
other  in  a  right  angle ;  in  the  male  somewhat  elongate ;  the 
frontal  costa  prominent,  more  or  less  bisulcate  above  the 
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ocetlas,  very  slightlj  sulcate  below  it ;  face 
Been  from  the  side  decidedly  arcuate.  Prono- 
tum  (Fig.  79)  scarcely  constricted  inthe  mid- 
dle, but  expanding  slightly  and  regularlypos- 
teriorly;  median  carina  prominent,  aub-cris- 
viewofprono-  tatc  Or  cristate,  more  or  less  arcunte  on 
top;  lateral  carinae  obsolete;  surface  some- 
what roughened  or  rugulose ;  front  margin  obtuse-angled, 
slightly  advanced  upon  the  occiput ;  posterior  margin  right- 
angled  or  acute-angled.  Elytra  and  wings  paasing  the  ab- 
domen.   Antennae  slender  and  filiform. 

Uniform  dusky  brown,  wing-covers  rather  paler  than 
the  pronotum,  more  or  less  distinctly  spotted  with  dark 
brown.  Wings  deep  yellow  or  sulphur-yellow  next  to  the 
body,  dusky  at  tip,  the  yellow  portion  bounded  beyond  the 
middle  by  a  broad  dusky-brown  band,  which  curves  end  is 
prolonged  on  the  hind  margin,  but  does  not  reach  the  angle 
next  to  the  extremity  of  the  body;  a  very  distinct  ray  run- 
ning inward  toward  and  nearly  to  the  base  near  the  front  or 
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costal  margin,   leaving  a  narrow  yellow  strip  along  the 
costal  margin.    Posterior  femora  usually  marked  with  alter- 
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nating  bands  of  black  and  wliite,  three  of  each ;  posterior 
tibiae  dusky,  black  or  blue-black,  with  a  pale  ring  near  the 
knee;  spines  black.    The  male  insect  is  illustrated  in  Fig.  78. 

Measurements: — Male:  Total  length,  23-26.5  mm.;  of 
body,  17-19  mm.;  oftegmina,  17.5-20  mm. ;  of  hind  femora, 
11-12.5  mm.;  of  antennae,  6-7.5  mm.  Female:  Total 
length,  28-30  mm.;  of  body,  26-28  mm.;  of  tegmina,  20.5- 
23  mm.;  of  hind  femora,  13.5-15.2  mm.;  of  antennae,  6-7.5 
mm. 

This  is  a  very  common  species  in  all  parts  of  the  state 
visited  by  the  writer  at  the  proper  time.  As  soon  as  the 
snow  disappears  and  the  ground  becomes  warm  enough  to 
start  vegetation,  this  insect  becomes  active,  and  may  be 
found  as  larva,  pupa  and  adult.  The  latter,  when  disturbed, 
fly  readily,  and  to  some  distance,  making  a  loud  clattering 
^ound.  They  disappear  about  the  middle  of  July.  The 
colors  of  the  wings  vary  greatly ;  in  some  the  brilliant  yellow 
is  replaced  by  a  very  light  yellow.  This  is  our  most  common 
form  near  St.  Anthony  Park. 

Arpbia  xanthoptera  Burm. 

Thorax,  generally,  though  not  always,  darker  than  in  A. 
sulphurea;  sometimes  with  two  yellow  dots  on  the  middle  of 
the  sides  of  the  pronotum,  one  above  the  other,  and  the  front 
and  hind  margins  dotted  with  olive;  but  these  markings  are 
not  uniform .  The  dark  ray  of  the  wings  near  the  front  margin , 

not  more  than  half  as  long  as  in  svlpburea, 
extending  but  one-third  the  distance  to 
the  base;  this  is  remarkably  uniform. 
Posterior  femora  generally  with  two  ob- 
Pig.  so.— Arphia  Hquc  dull  ycUowish  bands  on  the  exterior 
'""T/;?S;hor?a"'  "^'^  face,  and  also  a  paler  and  more  distinct 
ring  near  the  apex.  The  yellow  of  the  wings  is  usually  much 
deeper  and  more  inclined  to  a  saffron  color.  It  differs  also 
in  being  larger,  in  some  cases  the  length  of  the  female  from 
tip  to  tip  of  wings  being  two  inches.    The  foveola  of  the  ver- 
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tex  is  usaally  open  in  front,  its  margins  continuous  with  the 
margins  of  the  frontal  costa;  the  median  carina  of  the  pro- 
notum  is  higher  and  more  distinctly  arched,  the  angle  of  the 
anterior  more  distinct,  and  of  the  posterior  margin  more 
acute. 

Measurements.—Male:  Total  length,  30-34  mm.;  of 
body,  21-25  mm. ;  of  tegmina,  22. 5-27  mm. ;  of  hind  femora, 
14.5-17.5  mm.;  of  antennae,  10-11  mm.  Female:  Total 
length,  34.5-40  mm.;  of  body,  28-32  mm,;  of  tegmina,  26.5- 
30  mm. ;  of  hind  femora,  17-18.5  mm. ;  of  antennae,  9-11.5 
mm. 

This  species  is  not  common,  at  least  has  not  been  taken 
in  as  large  numbers  as  the  other  species  of  Arpbia,  It  varies 
very  much  in  color,  some  specimens  being  almost  black, 
others  bright  reddish  or  yellowish-brown ;  in  the  east  it  is 
entirely  yellow-winged,  in  the  central  states  frequently 
orange- winged.  It  is  found  in  the  same  localities,  among 
grass  and  low  bushes  in  barren  fields  or  pastures  on  dry  soil, 
as  the  very  common  sulpburea^  but  is  lound  much  later  in 
the  season,  not  before  the  first  of  August.  According  to 
Morse  the  two  specimens  xantboptera  and  salpburea  can  be 
readily  separated.  The  hind  process  of  pronotum  of  the 
former  is  acute-angled  in  dorsal  view,  its  sides  concave. 
Carina  of  pronotum  in  a  side  view  crest-like,  high,  arched 
and  compressed,  Fig.  80.  Dusky  bandof  wing  with  sub-frontal 
shoot  usually  extending  one-fourth  to  one-third  the  distance 
across  disk  to  base  of  wing.  In  sulpburea  the  hind  process 
of  pronotum  is  about  right-angled  in  the  male,  or  a  little  ob- 
tuse in  the  female;  carina  rather  low.  Dusky  band  of  wing 
with  sub-frontal  shoot  usually  extending  two-thirds  of  the 
distance  to  base  of  wing. 

Arpbia  carinata  Scudder. 

Head  blackish,  profusely  streaked  and  spotted  with  dull 
bluish-white;  frontal  carinae  and  upper  border  of  clypeus 
edged  with  whitish;  palpi  blackish,  the  joints  tipped  with 
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luteous.  Pronotum  (Fig. 80),  dull,  dark,  brownish-fuscous, 
with  a  short  pale  streak  behind  the  lower  edge  of  the  eye; 
hind  edge  of  pronotum  forming  less  than  a  right  angle; 
median  carina  very  prominent,  whole,  sharp,  rounded. 
Basal  third  of  tegmina  dark  brownish  fuscous;  beyond  ash- 
gray,  profusely  and  rather  regularly  sprinkled  with  small 
brownish  spots;  basal  half  of  wings  pale  dull  orange, 
bordered  by  a  broad  blackish  fuscous  band,  occupying  the 
rest  of  the  wing,  excepting  the  apex,  and  encroaching  on 
the  orange  near  the  costal  margin,  as  in  xantboptera;  apex 
semi-pellucid,  a  little  fuliginous,  darker  at  the  very  tip. 
Hind  femora  dull,  dirty,  hoary  without,  black  with  three 
transverse  white  bands  within,  the  tibiae  blackish-brown 
with  black  spines  and  a  broad  pale  band  near  the  base. 

Lengfth  30  mm. 

This  species  occurs  with  the  two  others  already  described 
but  is  by  no  means  common.  It  can  be  readily  dis- 
tinguished by  the  facial  costa,  which  is  acuminate  towards 
the  vertex  in  sulphurea,  while  in  carinata  the  sides  of  the 
facial  costa  are  nearly  parallel  from  the  median  ocellus  to 
the  vertex.  The  carina  of  the  pronotum  of  the  latter  is  very 
high  and  strongly  arched,  while  in  the  former  it  is  but  little 
elevated  and  nearly  straight.  This  insect  flies  late  in 
August. 

Arpbia  tenebtosa  Scudder. 

Closely  allied  to  sulpbvrea.  Upper  part  of  the  head 
regularly  con  vex;  central  foveolaof  the  vertex  sub-elongate, 
with  a  slender  median  carina,  and  a  transverse  sulcus  across 
the  hinder  portion,  generally  truncate  and  closed  in  front; 
upper  part  of  the  frontal  coxa  sub-tricarinate ;  rest  flat, 
arcuate  below  as  seen  from  the  side.  Antennae  slightly 
flattened  and  somewhat  enlarged  toward  the  tip.  Median 
carina  of  the  pronotum  distinct,  somewhat  prominent  but 
less  so  than  the  sulphurea,  nearly  straight  on  top,  cut  near 
the  middle  by  the  transverse  sulcus,  but  not  notched ;  an- 
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tenor  margin  of  the  pronotum   obtusely  rounded,  apical 
,  angle  about  a  right  angle ;  lateral  carins  sub-distinct ;  disk 
of  the  poBterior  lobe  nearly  flat.    Wing-covers  and  wings 
longer  than  the  body. 

Nearly  uniform  dark  fuscous,  often  ash-color  sprinkled 
over  with  fuscous  dots,  males  sometimes  almost  black; 
face  paler,  dotted  over  with   black  points ;  mouth  whitish 


or  pale;  outer  joints  of  the  palpi  usually  whitish  or  pale; 
pronotum  above  is  sometimes  paler,  almost  yellowish- 
white,  or  of  a  dull  dirty-yellow  or  partially  of  this  color, 
usually  dnsky  or  brown.  Elytra  with  paler  spots,  but 
varying  in  depth,  sometimes  almost  uniform  brown.  Wings 
with  the  broad  basal  portion  bright  red,  or  orange-yellow  ; 
a  broad  black  band  around  the  outer  margin,  with  a  dark 
sub-costal  ray  extending  towards  the  base;  the  extreme  tip 
transparent,  more  or  less  clouded   or  spotted  with  fuscous. 
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Posterior  femora  usually  crossed  externally  by  three  iU- 
defiaed  pale  bands ;  posterior  tibife  black  at  the  knee,  be-  ' 
low  with   a  pale  ring,  middle  portion  varying  from  bluish- 
green  to  black.    Two  forms  of  this  insect  are  shoTvn  ;  Fig. 
81  represents  a  dark,  and  Fig.  82  a  light<olored,  male. 

I.^ngth  about  that  of  xanthoptera. 

This  is  one  of  the  most  common  of  our  locusts  with 
bright  colored  wings.    A  few  are  found  early  in  the  season 


Fig.  S2.—Arpbla   teaebrota,  Jlght  VBrifty.    Original. 

(May  16),  but  they  become  very  abundant  in  July,  and  are 
at  that  time  very  active.  They  fly  with'a  clattering  sound ; 
the  males  have  also  the  habit  of  remaining  in  one  spot  in 
the  air,  moving  the  wings  so  rapidly  at  that  time  that  they 
can  hardly  be  seen.  On  Sept.  13  the  writer  found  a  female 
of  this  kind  mating  with  a  male  of  the  still  more  common 
Carolina  Locust  {Dissosteira  Carolina  L.). 
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^  Arpbia  arcta  Scudder. 

Head  grayish-brown  above,  yellowish  elsewhere,  the 
median  carina  of  vertex  broken  at  the  posterior  limit  of  the 
fastigium  by  the  deeply  impressed,  arcuate,  transverse  fur- 
row,  which  marks  the  same,  extending  through  the  frontal 
costa  nearly  to  the  ocellus,  expanding  and  forming  an  oval 
loop  at  the  extremity;  lateral  foveolse  strongly  depressed, 
narrowing  anteriorly.  Pronotum  grayish-brown,  the  upper 
surface  unusually  flat  for  an  Arpbia,  rugulose,  the  median 
carina  but  little  elevated,  not  laterally  pinched  in  the  mid- 
dle, regularly,  though  but  slightly,  diminishing  in  height 
posteriorly.  Tegmina  profusely  sprinkled  with  very  small 
grayish-fuscous  spots,  less  abundant  apically,  where  it  is 
pellucid.  Wings  yellow  at  the  base,  pellucid  to  an  unusual 
extent  at  the  tip  (nearly  one-third  of  the  ante-anal  field  is 
included  in  the  pellucid  area),  making  the  transverse  dusky 
band  narrower  than  in  any  other  species  of  ArpA/a;  the  radial 
shoot  towards  the  base  is,  however,  unusually  broad  and 
long,  equaling  at  its  origin  the  entire  breadth  of  that  part 
of  the  wing,  and  scarcely  stopping  short  of  the  base.  Hind 
femora  brownish-yellow  externally,  with  two  broad,  a  lit- 
tle oblique,  dusky  transverse,  bands;  hind  tibiae  pale  yellow, 
with  a  broad  fuscous  cloud  at  the  tip  and  just  before  the 
middle. 

Length  of  body,  21  mm.;  of  antennae,  5.5  mm.;  of  teg- 
mina, 22.5  mm.;  of  hind  femora,  11.5  mm. 

Only  two  individuals  of  this  interesting  insect,  first  de- 
scribed from  the  vicinity  of  Denver,  Colorado,  were  captured 
in  St.  Anthony  Park,  and  no  others  have  been  seen. 

Still  another  species  occurs  in  the  Park,  but  seems  to  be 
undescribed. 

GENUS    Cbortopbaga  Saussure  (1884). 

Body  compressed,  somewhat  slim,  pundate  or  fine 
wrinkled,  greenish,  sub-glabrous,  slightly  pubescent.  Legs 
remote,  with  scattered  hairs  on  their  surface.  Antennae 
rather   short,    and   slightly   flattened.      Pronotum    acute, 
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angled  behind.  Wing-covers  narrow;  costal  half  green, 
sutural  half  brownish.  Wings  with  dilute  coloring,  nebu- 
lousi;  costa  with  a  dusky  stigma;  ulnar  area  dilated.  The 
intercalary  vein  of  the  tegmina  running  midway  between 
the  median  and  ulnar  veins,  only  apically  a  little  approxi- 
mating the  former ;  veins  of  the  wings  slightly  or  scarcely 
iacrassate.  In  coloratios,  dichromatism,  form  of  head  and 
character  of  haunts  it  is  intermediate  between  the  CEdipo- 
dinte  and  the  Tryxaliase,  with  which  it  was  formerly  classed. 

THE  GREEN-STRIPED  LOCUST. 
{Chortopbaga  yindifasctata  DeGeer). 
This  common  locust  is  exceedingly  variable,  and  a  num- 
ber of  varieties  occur,  which  shade  into  each  other.    Two 


PlK-  Sa.~Qbortopbaga  vlrldifatclatt,,  furm  virglalaaa,  male.    Oilslaal. 

vvell  marked  varieties  are  found,  the  green  form  {virgiaiaoa 
Fab,),  and  the  brown  form  (in/uscata Harris).    This  dichro- 
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matism  is  largely,  but  not  entirely,  characteristic  of  sex; 
most  of  the  females  being  green,  of  the  males  brown. 

The  green  variety  is  the  typical  one;  wing-covers 
with  a  broad  green  stripe  on  the  outer  margin,  ex- 
tending from  the  base  beyond  the  middle,  and  including  two 
small  dusky  spots  on  the  edge,  the  remainder  dusky,  but 
semi-transparent  at  the  end;  wings  transparent,  very  pale, 
greenish-yellow  next  to  the  body,  with  a  large  dusky  cloud 
near  the  middle  of  the  hind  margin,  and  a  black  line  on  the 
tront  margin,  ^ntennse,  fore  and  middle  legs  reddish;  hind 
femora  green,  with  two  black  spots  in  the  furrow  beneath. 
This  form  is  the  larger  one.  Both  sexes  are  illustrated  in 
Figs.  83  and  84. 

The  dusky  brown  variety  has  the  wing-covers  faintly 
spotted   with  brown;    wings   transparent,    pale   greenish- 


Pig.  84. — Chortooha^a.  riridifkBciata^  form  rirginianM.X^nxtiXt.    Orij^iaar 

yellow  next  to  the  body,  with  a  large  dusky  cloud  near  the 
middle  of  the  hind  margin;  and  a  black  line  on  the 
front  margin;  hind  femora  pale,  with  two  large 
black  spots  on  the  inside;  hind  tibise  brown,  with  darker 
spines,  and  a  broad  whitish  ring  below  the  knees.  The  hind 
tibiae  differ  much  in  color  in  different  specimens,  being  vari- 
ously tinted  with  brown,  blue,  pink  or  purple,  without  re- 
gard to  sex.  Many  intergrades  occur,  in  which  the  head  and 
pronotum  are  of  a  reddish  velvety  brown.  This  form  is 
shown  in  Pig.  85. 

Length  of  male,  25  mm.;  oi  female,  30  mm. 


A 
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This  is  a  very  common  locust  in  our  state,  appearing 
■very  early  in  spring  and  continuing  throughout  the  sammer. 
It  hibernates,  and  larvse  and  pupas  are  occasionally  ob- 
served during  a  warm  spell  in  winter.  Early  in  springs  April 
38),  or  as  soon  as  the  ground  becomes  warm,  winged  forms 


Fig.  BH.—Chortophana  vlrldlfasclata,  form  Infascatm.    Ortglnsl. 

appear,  and  these  can  readily  be  detected  by  their  sharp 
clicking  notes  when  flying.  Arphi'a  sulphurea  and  this  spe- 
cies are  the  first  locusts  observed  in  spring,  and  usually  both 
are  found  in  the  same  localities,;  starting  the  chorus  of  grass- 
hoppers, locusts  and  crickets  that  becomes  so  general 
later  in  the  season.    While  taking  wing  readily   its  flight  is 
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but  short  and  it  is  not  difficult  to  capture.  The  male  flies  in 
a  circling  course,  and  usually  stridulates,  producing  a  fine, 
sharp  crepitatipn ;  the  female  flies  farther  and  more  directly. 
We  have  but  a  single  brood  in  our  state;  the  eggs  hatch  late 
in  summer  and  the  young  do  not  mature  until  the  following 
spring.  The  form  infuscata  is  always  more  common  than 
the  green  one. 

GENUS    Encoptolopbus  Scudder  (1875). 

Head  but  little  swollen  above,  front  vertical  above- 
roundly  sloping  below,  a  little  constricted  above  the  an- 
tennae; eyes  separated  by  about  their  own  width,  mode- 
rately large,  somewhat  elliptical ;  antennae  rather  short  and 
flattened;  top  of  pronotum  nearly  flat,  the  median  carina 
abrupt,  but  not  greatly  elevated,  cut  into  halves  by  a  dis- 
tinct though  slight  notch;  lateral  carinae  distinct  but 
broken,  very  slightly  curved;  hind  marorm  of  pronotum 
forming  a  right  angle;  wing-covers  reaching  but  little  be- 
yond the  end  of  the  abdomen.  The  intercalary  vein  of  the 
tegmina  distinctly  nearer  the  ulnar  than  the  median  vein ; 
the  veins  next  the  costal  margin  and  the  median  vein  dis- 
tinctly incrassate  in  the  male. 

THE  CLOUDED  LOCUST. 

Encoptolopbus  sordidiis  Burmeister. 

Dusky  brown ;  wing-covers  pale,  clouded  and  spotted  in 
such  a  manner  that  two  transparent  spots  or  fasciae  are 
distinctly  marked;  wings  transparent,  faintly  yellowish  at 
base,  dusky  at  tip,  with  a  dark  narrow  edge  on  the  front 
margin ;  hind  femora  brown,  with  the  three  black  bands 
separated  by  four  light-brown  spaces;  hind  tibiae  brownish- 
black,  with  a  white  ring  below  the  knees.  Antennae  pale  at 
base,  fuscous  at  the  apex. 

Measurements :— Male :  Total  length,  21-2S.5  ram.;  of 
body,  ly-21.5  mm.;  of  tegmina,  15-19.5  mm.;  of  hind  fem- 
ora,  11-12  mm.;    of  antennae,  8-9  mm.     Female;     Total 
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lengthy  28-32.5  mm.;  of  body,  24-35  mm. ;  oftegmina,  20.5- 

24   mm.;    of   hind    femora,    14-15.5   mm.;    of   antennae, 

8-9  mm. 

This  is  a  fairly  com.mon  locust,  which  is  found  from  the 

middle  of  August  till  frost,  or  late  in  October.    Like  the 

males  of  allied  species  the 
male  of  this  species  al- 
ways makes  a  sharp 
crackling  noise  when  fly- 
ing, which  it  does  with 
Fig.  86.— Sflcopto/opiiu*  sordidaa.  amazinc:  rapidity.    It  is 

.    Original.  6  I-  ^      .        . 

especially  common  in  the 
western  part  of  our  state.  Its  color,  which  is  rather  con- 
stant, varying  from  dull  rusty,  yellowish,  or  smoky  brown, 
always  protects  the  insect  by  its  resemblance  to  the  soil.  It 
delights  to  live  in  old  stubble  fields.    Fig.  86  shows  a  male. 

GENUS  Camnula  St&l.  (1873). 

Head  compressed ;  antennae  medium,  a  little  stouter  in 
the  male;  hind  femora  with  an  acute  margin  slightly  crested ; 
eyes  small,  rather  prominent,  rounded  kidney-shaped.  Pro- 
notum  not  rugose,  nearly  level  above  with  median  and 
lateral  carinae.    Wings  subvitreous. 

In  the  markings  of  tegmina  form  and  color  C.  pellucida 
looks  like  a  diminutive  Hippiscus,  to  which  Camnula  is  not  dis- 
tantly related. 

Camnula  pellucida  Scudder. 

Ash  brown ;  face  reddish-brown ;  antennae  yellowish  at 
base,  dark  brown  toward  tip;  a  triangular  black  spot  be- 
hind the  eye,  the  apex  touching  it;  a  quadrate  transverse 
black  spot  on  the  anterior  upper  portion  of  the  sides  of  the 
pronotum ;  pronotum  above  sometimes  with  a  dark  band 
down  the  middle;  wing-covers  with  the  basal  half  dark 
brown,  with  small  yellowish  spots  and  transverse  streaks, 
especially  on   front  border;    apical  half  clear,  with  dark 
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brown  rounded  spots  prevalent  along  the  middle,  decreasing 
in  size  toward  the  tip;  when  closed,  the  upper  surrace  isdark 
brown,  with  a  rather  broad  yel- 
lowish line  along  each  angle  on 
the  npper  surface;  wings  pel- 
lucid, with  black  nervules ;  legs 
dark  brown,  the  hind  femora  red- 
dish or  yellowish-brown,  with 
two  or  three  rather  broad,  diag- 
onal, dark  brown  streaks,  dark 
brown  at  the  apex ;  hind  tibiae 
yellowish -brown,  reddish  toward 
the  tip,  with  a  narrow,  generally 
faint,  annulation  of  dark  brown 
at  the  base ;  spines  tipped  with 
black. 

This  insect  is  sometimes  ex- 
ceedingly common,  and  becomes 
a  destructive  Species.  In  this  re- 
spect it  is  almost  as  bad  as  Me- 
lanophs  atlanis ;  both  have  ap- 
peared repeatedly  together,  and 

have    caused    great    loss.     The     pig.  97,-c-««urt  p,/toc/rf«.  re- 
former, however,  preferred  higher  ""•■  °''«""" 
land,  the  latter  lower  or  more  moist  soil.    This  species  varies 
considerably  in  size  and  tegminal  markings — some  tegmina 
are  almost  without  marks — but  is  not  likely  to  be  confused 
with  any  other  species  found  in  Minnesota. 

Measurements: — Male:  Total  length,  20.5-24.5 
of  body,  17-21  mm.;  of  tegmina,  15.5-18.5  mm.;  of  hind 
femora,  9.5-12.5  mm. ;  of  antenna:,  7-9  mm.  Female 
Total  length,  22-30  mm.;  of  body,  21-28  mm.;  of  tegmina, 
19-23.5  mm.;  of  hind  femora,  11-14.7  mm.;  of  antennse, 
6-8.5  mm. 

This  destructive  insect,  illustrated  in  Figs.  87  and  88,  is 
not  always  found  in  our  state ;  it  belongs  to  the  migratory 
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Species,  and  if  occurring  in  the  state  it  is  found  in  its  wi^ed 
condition  as  early  as  July  1 ,  and  it  does  not  disappear  until 
the  middle  of  September.    Its  flight  is  silent  or  but  slightly 


Fisr.  89.~-CamDula  pellucida,  male.    Original. 

rustling,  usually  low,  short  and  direct.  The  illustration 
(Fig.  1)  shows  this  insect  and  its  eggs.  Its  life-history  is 
given  elsewhere. 

GENUS  Hippiscus  Saussure  (1861). 

Large  or  medium  sized,  robust,  glabrous.  Top  of  the 
head  with  a  small  central  ridge;  pronotum  with  a  granular 
surface,  truncate  in  front,  acute-angled  behind,  compressed 
centrally  on  the  sides,  and  above  on  each  side  of  the  median 
carina;  this  last  with  one  notch;  lateral  carinas  prominent 
only  in  the  middle.  Wing-covers  extending  considerably  be- 
yond the  end  of  the  abdomen. 

This  is  a  large  genus,  and  has  been  subdivided  into  a 
number  of  sub-genera  by  Scudder  and  Saussure. 

Hippiscus  rugosus  Scudder. 

Head  and  thorax  brown;  two  yellowish  bands  run  from 
behind  the  eye  backward  and  inward,  nearly  or  quite  meet- 
ing one  another  a  little  in  advance  of  the  middle  of  the  pro- 
notum, where  they  diverge  and  strike  the  hinder  edge  of  the 
pronotum  at  the  outer  angles;  there  are  two  yellowish 
spots,  one  below  the  other,  on  the  sides  of  the  pronotum ; 
wing-covers  marked  with  large  dark  blotches,  generally  oc- 
cupying the  larger  portion  of  the  wing;  the  tip  of  the  wing- 
cover  pellucid,  nearly  free  from  spots;  wings  with  the  basal 
color  pale  yellowish  or  red,  and  the  apical  portion  dusky. 
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Last,  forked  branch  of  the  discoidal  vein  of  the  hind  wings 
usually  arising  about  three-fifths  the  distance  from  the 
base  to  the  apex  of  the  wing,  and  in  the  male  usually  well 
within  the  limits  of  the  transverse  fuscous  belt ;  closed  teg- 
mina  of  male  surpassing  the  abdomen  by  at  least  one-fourth 
their  length.  The  very  broad  posterior  femora  crossed  ex- 
ternally and  internally  by  three  black  bands;  posterior  tibiae 
reddish  yellow,  with  a  broad,  pale  ring  near  the  base.  This 
species  is  more  slender  than  the  others  found  in  Minnesota. 

Size  about  .the  same  as  tuberculatvs. 

This  species  is  not  common,  at  least  but  lew  have  been 
collected,  both  with  yellow  or  red  wings.  They  prefer 
sandy  spots,  and  fly  as  early  as  Aug.  14.  It  can  readily  be 
distinguished  from  tuberculatus  by  the  form  of  the  head  and 
pronotum.  The  wings  are  usually  yellow,  often  pale  yel- 
lowish-white, sometimes  orange  or  even  red. 

Hippiscus  tigrinus  Scudder. 

Dark  brownish  fuscous,  of  robust  form  and  medium 
size.  Head  narrowed  above  and  rugulose ;  pronotum  ex- 
panding considerably  on  the  metazona,  which  is  centrally 
a  little  tumid,  the  rugosities  of  the  latter,  which  are  con- 
siderable, ranged  more  or  less  distinctly  into  series  parallel 
to  the  sides  of  the  process ;  median  carina  sub-obsolete  or  at 
least  depressed  between  the  sucli,  distinctly  arched  on  the 
metazona ;  lateral  canthi  distinct  and  sharp  in  the  middle  of 
the  pronotum,  a  faint  rather  broad  ashen  band  next  their 
inner  side.  Tegmina  ashen  gray ^  brownish  at  base,  vitreous 
on  apical  third  or  more,  the  transverse  bars  dark  brownish 
fuscous,  mostly  crossing  the  wing,  those  of  apical  half  not 
at  all  rounded,  with  rare  exceptions  with  ill  defined  irregu- 
lar margins,  and  extending  though  fainter  to  the  tip  of  the 
wing;  sutural  line  testaceous.  Wings  very  pale,  citron- 
color  at  base,  pellucid  at  tip,  occasionally  with  one  or  two 
fuliginous  cellular  spots  at  tip,  the  veins  and  cross-veins 
blackish  on  apical  portion,  j'ellow  on  basal,  with  a  broad. 
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sub-equal,  arcuate,  dark,  fusco-fuliginous,  median,  scarcely 
tapering  band,  leaving  four  or  five  lobes  free,  separated  by  a 
yellow  line  from  the  humeral  vitta  which  extends  from  very 
nearly  as  far  out  to  the  base  of  the  wing,  the  costal  margin 
fusco-testaceous.  Hind  femora  externally  brownish  fuscous 
with   only  obscure,  if  any,  darker  very  oblique   bars,  dirtv 


clay-yellow  below,  the  under  surface,  like  the  tibis  and 
tarsi,  luteous,  the  spines  black  tipped. 

Length  37  mm. 

Only  two  specimens  found.  This  species  is  illustrated  in 
Fig.  92.  It  seems  to  be  a  southern  species.  All  the  species 
of  this  large  genus  of  locusts  resemble  each  other  so  closely 
when  in  the  field,  or  when  flying,  that  only  very  careful  col- 
lecting in  all  parts  of  the  state  will  give  a  clear  idea  of  the 
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Species  really  found  in  it.    Very  little  has  been  done  as  yet 
to  ascertain  how  many  species  have  their  home  with  us. 

Hippiscas  tabercalataa  Pal.  de  Beauv. 

This  is  our  common  coral-winged  locust,  found  so  com- 
inonly  in  early  spring  in  all  parts  of  the  state.  The  early 
stages,  from  the  half  grown  larvae  to  the  pupae,  pass  the 
winter  under  the  shelter  of  leaves  and  grass ;  they  mature 


very  early  in  the  spring,  and  are  found  flying  about  in  the 
warm  sunlight  as  early  as  the  last  week  in  April.  Al- 
though found  everywhere  in  Minnesota  they  still  appear  to 
be  quite  local  and  prefer  certain  localities,  where  they  can 
always  be  found  at  the  proper  time.  It  is  this  insect  that  is 
mentioned  as  H.  pbcenicopteras  in    the  reports  about  the 


Fig.  01.— HJ/>p/acu«  tubtrtulatui,  yoang.    Originnl, 

Rocky-Mountain  Locust;  it  is  not  uncommonly  called  the 
"King  Grasshopper,"  as  some  people  thought  it  to  be  the 
leader  of  the  large  and  devasting  armies  of  the  above  locust. 
The  three  illustrations,  {Figs.  89.  90,  91,)  show  the  adult 
insects  and  a  young  one. 
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There  is  considerable  variety  in  this  species,  so  much  so 
that  several  varieties  might  be  formed.  Scudder's^descrip- 
tion  of  living  females  taken  in  Massachusetts  fit  our  insect 
thoroughly  well:  Prevailing  color  a  light  ashy  ^plumbeous, 
slightly  darker  above,  specked  with  dark  plumbeus,  tinged 
slightly  beneath  with  reddish.     Head  uniform ;  mouth-parts 


Fig.  90,— H/ppi«ciis  tuberculatua.    OriglnoL. 

uniform  and  tinted  like  under  surface  of  body.  Eyes  dark 
brown,  speckled  with  yellowish  and  with  a  narrow  slightly 
curved  transverse  median  streak  of  yellowish-brown,  turn- 
ing upwards  posteriorly.  Antenna;  dirty  yellowish  at  the 
base,  beyond  of  the  color  of  the  head.  Pronotum  with  a 
longitudinal  dark  brown  streak  with  indistinct  edges  along 
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the  middle  of  the  lateral  lobes,  and  from  the  middle  of  this  a 
descending  vertical  streak  scarcely  paler  than  the  ground ; 
posterior  edge  of  pronotum  a  yellowish-brown  of  the  color 
of  boxwood.  Tegmina  of  the  body  color  or  blotched  with 
fuscous  and  black,  and  with  the  axillary  fold  yellowish 
brown.  Wings  coral-red  at  base,  the  arcuate  band  fuscous 
deepening  to  black,  the  hutaeral  line  pale  yellow  and  the 
apex  nearly  hyaline.  Legs  of  the  body  color,  the  inside  of 
the  hind  femora  having  the  basal  half  a  prussian  blue,  the 
distal  half  very  dull  lemon  yellow  with  a  transverse  streak 
of  deep  blue  at  one  third  the  distance  from  the  middle;  hind 
tibiae  dull  lemon-yellow,  hind  tarsi  tinged  with  reddish. 
Abdomen  above  tinged  on  the  first  three  segments  with 
reddish  brown,  especially  toward  apex;  ovipositor  of  the 
color  of  the  body  when  not  black.  Metazona  without  lateral 
oblique  rugae. 

Total  length  of  male,  32-38  mm.,  of  female,  39-43  mm.; 
of  body,  male,  25-28  mm.,  of  female,  36-44  mm.;  of  tegmina, 
male,  24-30  mm.,  of  female,  30-32  mm.;  of  hind  femora, 
male,  14-16  mm.,  female,  18.5-20.5  mm.;  of  antennae,  male, 
10.5-12  mm.,  female,  11.5-13.5  mm. 

Yellow-winged  specimens  of  this  species  are  very  rare. 
Sometimes  the  head,  pronotum  and  hind  femora  are  green- 
ish. The  young  insects,  one  of  which  is  shown  in  the  illus- 
tration (Fig.  91),  can  be  found  late  in  August;  they  are 
curious  little  depressed,  toad-like  objects,  of  a  purplish 
leaden  color.  Though  very  conspicuous  objects  in  flight, 
the  adult  insects  are  quite  alert  and  active,  so  that  the^'  are 
not  easily  captured.  If  flushed  the  male  flies  to  a  consider- 
able distance;  the  female  is  much  less  active,  and  is  more 
diflScult  to  flush  more  than  once,  as  it  tries  to  escape  rather 
by  hiding  than  by  flying.  The  stridulation  of  the  male  is  a 
rapid  rattle,  louder  but  similar  to  that  of  Arpbia  sulphurea^ 
which  flies  at  the  same  time  and  in  similar  localities,  bushy 
pastures  and  untilled  or  elevated  land  of  light  soil. 
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Hippiscus  Haldemanii  Scudder, 

Granules  on  dorsum  of  metazona  by  their  conSuence  dis- 
tinctly following  lines  forming  oblique  rugce  parallel  to  the 
hind  margin;  lateral  canthi  of  pronotum  as  distinct  and 
sharp  on  the  hinder  part  of  the  prozona  as  on  thefront 
part  of  the  metazona.  f 


Pig.  93,— H/pp/jcus  HaldtmBali.  (fmalf.    OriglDBl. 

This  is  a  medium  sized  member  of  this  genus,  illustrated 
in  Fig.  93,  with  yellow  wings  and  pale  red  tibiae  of  hind 
legs.  It  has  been  reported  from  the  Red  River  Valley,  but 
no  specimens  have  been  secured  by  the  writer. 
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Hippiscas  variegatas  Scudder. 

Markings  of  tegmina  distinctly  pantberine,  marginal 
field  with  numerous  small  blotches;  wings  ot  male  fully 
twice  as  long  as  broad ;  hind  margin  of  prothorax  rectang- 
ulate.  Basal  color  of  wings  varying  from  a  pallid  tint 
through  pale  lemon  yellow  to  saffron  and  coral-red.  Hind 
iemora  bright  yellow  withift,  thrice  heavily  banded  trans- 


PiK- M-— B/p/^KDi   ntric^atui.  male.    OrLxInst. 

versely  with  black;  dull  clay  yellow  without,  very  pblique- 
ly  banded  with  blackish  or  fuscous;  bind  tibite  yellow  with 
an  orange  tinge  sometimes  infuscated  a  little  just  beyond  a 
broad  clear  bdsat  belt ;  spines  black  tipped. 

Length  ol  body,  male,  28  mm.,  female,  37  mm.;  of  teg- 
mina, male,  28  mm.,  female,  35.5  mm. 

This  species  is  uncommon  in  Minnesota,  and  but  a  very 
iew  specimens  have  been  seen  or  captured.  It  is  illustrated 
in  Fig.  94. 
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GENUS    Dissosieira    Scudder  (1876). 

Head  prominent,  vertex  elevated  and  tumid;  antennae 
of  the  male  not  thickened  before,  nor  tapering  at  the  tip ; 
posterior  lobe  of  the  pronotum  somewhat  enlarged,  median 
carina  much  elevated,  deeply  notched  near  the  middle,  the 
posterior  lobe  much  arched.  Insects  of  large  size  and 
prominent  colors. 

THE  CAROLINA  LOCUST. 

{Dissosieira  Carolina  Linn.). 

This  is  a  very  common  locust,  and  is  found  from  early 
July  until  late  in  autumn.  Few  persons  do  not  know  its 
peculiar  actions  during  the  warmer  portions  of  the  day, 
when  the  males  fly  two  to  six  feet  in  the  air,  and  there  re- 
main almost  stationary,  producing  a  peculiar  rattling,  or 
rather  rustling  sound.  This  seems  to  be  their  love  song. 
After  pairing,  which  takes  place  early  in  August,  and  all 
through  that  month  and  September,  the  female  deposits  her 
eggs  at  the  bottom  of  a  cylindrical  hole ;  the  eggs  do  not 
hatch  until  spring.  The  female  can  greatly  extend  her  ab- 
domen, so  that  eggs  can  be  found  as  deep  as  nearly  two  in- 
ches below  the  surface.  The  insect  prefers  warm  and  sandy 
situations,  and  is  most  commonly  found  upon  sandy  spots. 
Its  upper  wings  vary  greatly  in  color,  but  possess  always 
that  one  which  harmonizes  best  with  the  color  of  the  sand 
upon  which  the  insect  is  found,  hence  all  shades  of  light  or 
dark  yellowish,  brown,  reddish,  and  even  blackish  can  be 
seen  by  observing  the  insect  upon  sands  possessing  that 
shade  of  color.  The  usual  color  of  this  locust  is  a  pale  yel- 
lowish-brown, with  small  dusky  spots,  wings  black,  with  a 
broad  yellow  hind  margin,  which  is  covered  with  dusky 
spots  at  the  tip.  From  the  prevailing  brown  tints  of  its 
coloring  it  has  in  some  localities  received  the  name  of 
**Quaker.''  Though  quite  variable  in  appearance  it  is  easily 
recognized    by    its    black    wings    with    pale  border,  which 
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varies  from  dull-white  to  yellowish-baff.  The  most  striking 
variation,  however,  is  the  ground  color  of  the  body,  which 
varies  in  specimens  from  the  same  locality  from  light  yellow 
to  dark  fuscous  or  even  bright  reddish- brown.  The  teg* 
raina  are  sometimes  markedly  trifasciate,  sometimes  evenly 
maculate  or  almost  unspotted.  Possessing  large  wings  its 
flight  is  powerful  and  erratic;  it  is  very  alert  and  well  able 
to  take  care  of  itself,  and  on  warm  days  it  is  rather  difficult 
to  secure.     The  insect  is  shown  in  Fig.  95, 


Measurements: — Male:  Total  length,  34.5-42  mm.; 
temale,  43.5-53  mm.;  of  body,  male,  24-28  mm.;  female, 
33-42  mm.;  of  tegmina,  male,  28-33.5  mm.;  female.  36-43 
mm.;  of  hind  femora,  male,  12.6-14  mm.,  female,  15.5-20.5 
mm.;  of  antennae,   male,   9.5-11  mm.,  female,  11,5-13  mm. 

GBNUS  >Sp/iara^mon  Scudder  (1875). 

Sanssure  united  this  genus  with  Dissosteira,  but  later 
studies  by  Scudder,  Morse  and  others  clearly  show  that  it  is 
a  good  genus,  well  separated  from  the  former,  as  may  be 
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seen  by  consulting  the  table  of  genera  of  the  CEdipodim, 
Morse  adds  to  the  description  of  this  genus  by  Scudder  that 
the  median  carina  of  the  pronotum  is  divided  by  the  prin- 
cipal sulcus  into  two  parts,  the  front  portion  a  little  shorter. 
The  eyes  of  our  species  are  of  moderate  size,  and  rather  prom- 
inent in  the  males. 

Spharagemon  collare.    Scudder. 

Central  foveola  of  the  vertex  rather  broader  than  long 
in  the  female,  in  the  male  slightly  elongate ;  frontal  costa 
flat  or  convex  above  the  ocellus,  with  a  shallow  sulcus  be- 
low; sides  nearly  parallel.  Median  carina  of  the  pronotum 
prominent,  sub-cristate,  with  a  very  narrow  but  deep  ob- 
lique notch  a  little  in  advance  of  the  middle;  the  top 
slightly  arcuate ;  lateral  carinas  indistinct ;  sides  of  the  disk 
ascending.  Tegmina  and  wings  pass  the  abdomen  about 
one-third  their  length.  Dark  reddish- brown.  Lower  half  of 
head  and  a  broad  band  along  the  posterior  edge  of  the  pro- 
notum a  clay-yellow,  sprinkled  with  a  few  fuscous  dots. 
Tegmina  mottled  somewhat  uniformly  with  fuscous  blotches 
and  dots,  which  form  three  irregular  bands,  one  at  the  base, 
which  is  broad,  the  middle  one  narrowest,  the  apical  one 
sometimes  lost  in  the  nearly  equal  mottling  of  the  tip. 
Wings  pale  yellow  at  base;  a  broad  median  black  band  oc- 
cupying the  middle  third,  crossing  the  wing  at  right  angles, 
decreasing  along  the  posterior  margin,  around  which  it 
curves  to  the  anal  angle,  throwing  out  a  short,  blunt,  sub- 
frontal  spur  about  one-third  the  distance  to  the  base;  apical 
portion  transparent,  nerves  dusky,  and  tip  clouded  or  with 
dusky  spots.  Hind  femora  clay-yellow,  with  two  bands  and 
apex  fuscous  externally  and  black  internally;  hind  tibis 
reddish.    Antennse  fuscous  at  the  apex. 

According  to  Prof.  Morse  the  species  described  as  collare^ 
Wyomingianum,  and  Scudderi  approach  each  other  so  closely 
that  it  is  almost  impossible  to  definitely  limit  them.    Typi 
cal  specimens  of  these  forms  can  be  readily  distinguished, 
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while  others  cannot  be  referred  to  either  of  them  with  cer- 
tainty, and  for  this  reason  he  thinks  it  best  to  regard  theid 
as  races  of  one  composite  species. 

RACE  CoUare  Scudder. 
Onlya  single  specimen  of  this  race  has  been  found  in  Min- 
nesota, which  seems  to  indicate  that  it  is  not  common, 


Pig.  90. — Sphmr»gemua  collare,  race  Scaddtri,  female.    Original. 

though  it  is  a  wide-spread  form  in  the  central  part  of  the 
country.  Itdiffers  greatlyincolorand  size.  The  "collared '' 
type  of  coloration  is  not  common.  The  hind  femora  some- 
times have  the  proximal  two  fuscons  bands  slightly  con- 
nected internally,  but  never  to  such  an  extent  or  depth  of 
tint  as  in  the  race  Scadderi. 
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■ 

Measttretnents:  — Length,  26.5-33  mm.;  of  tegmina, 
21.5-26  mm.;  of  hind  femora,  11.5-14.5  mm.;  of  antennae, 
12  mm. 

RACE  Scudderi  Morse. 

This  race  is  very  common  upon  sandy  spots  near  the 
Mississippi  River,  and  large  numbers  were  taken  on  Gray 
Cloud  Island.  The  specimens  were  named  by  Prof.  Bruner 
balteatum;  a  male  mailed  to  Prof.  Morse  was  pronounced : 
race  Wyomingianum  Thos.  (nearly  typical),  while  a  female, 
caught  at  the  same  time  and  place  was  pronounced  as  being 
probably  the  same,  but  in  size,  form  of  head,  etc.,  closely  ap- 
proaching race  Scvdderi;  in  fact  being  nearer  Scudderi  than 
Wyomingian  urn . 


Pi^.  97. — SphBrag^mon  collate,  race  Scvdderi,  male.    OrlginaJ. 

This  locust  is  quite  common  in  certain  rather  well  de- 
fined localities.  Nearly  all  specimens  captured  were  found 
upon  sandy  spots  near  our  rivers  and  lakes.  Here  they  can 
be  found  as  early  as  the  25th  of  June.  Like  the  Carolina 
Locust  described  before  they  also  remain  flying  stationary  a 
few  feet  above  the  ground  and  likewise  produce  the  dry  rust- 
ling sound,  which  has  something  to  do  with  their  courtship.. 
Frequently  both  species  fly  at  the  same  time  and  in  the  same 
vicinity,  and  both  are  equally  well  protected  by  their  colors 
ifresting  upon  the  sand.  They  delight  to  bask  in  this  hot 
sand,  yet  are  very  vigilant  and  difficult  to  capture  excepting 
with  a  net.    When  resting  upon  the  sand,  which  always  con- 
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tains  small^bits  of  bark  brought  down  b;  the  OTcrflowinfr 
river,  it  is  almost  impossible  to  detect  this  insect,  which, 
moreover,  seems  to  be  able  to  understand  how  to  select  a 
spot  that  exactly  matches  with  its  own  color.  Both  sexes 
are  shown  in  Pigs.  96  and  97. 

BARRBN-GROUND  LOCUST. 
Spbaragemon  bolli  Scndder, 
This  locust  is    very    variable  in  color,  but  is  usually 
brownish  fuscous,  the  face  with  a  grayish  cinereous  (in  the 
male)  or  yellowish  cinereous  (in  the  female)  tinge,  dis- 
tinctly marked  with  blackish  dots,  the  pits  dusky  or  black- 
ish; antennae  brownish-yellow  on  the  basal  half,  infuscated 
beyond,  the  whole  more  or  less  annulate  with  dusky  yellow 
and  blackish  in  the  male.    Wing-covers  flecked  throughout 
with  minute  blackish  spots.    Wings  light  greenish-yellow  at 
the  base  with  a  broad  median 
arcuate     band,    blackish     in 
color,   sending  out   a^broad 
short  shoot  towards  the  base 
next    the    upper   border.    Be- 
yond, the  wing  is  at  flrst  hya- 
line,    with     broad     blackish, 
fuliginous  veins,  while  the  ex- 
treme    tip     is    more    or   less 
covered     with    black.      Hind 
femora    dull     brownish ;    the 
basal  two-fifths  of  the  hind 
tibise  blackish,  with  a  broad 
whitish  annulus  beyond, coral- 
nai*.    red.    Crest  of  proaotum  very 
high,   that    of   the   posterior 
lobe   independently   arched,  much    more  elevatedj^in  front 
than  behind. 

WW  Measurements.— Male:  Length  of  body,  20-22  mm.j  of 
tegmina,    22-25    mm.;    posterior  femora,    12.5-13.5   mm. 
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Female:    Length  of  body,  27-33  mm.;  of  t^gmiiia,   23-28 
mm.;  posterior  femora,  12.5-17  mm. 

This  species  has  been  found  in  many  parts  of  the  state^ 
but  most  frequently  along  the  sandy  shores  of  rivers  and 
lakes,  and  on  the  tops  of  high  and  sandy  hills.  It  is  shown 
in  Fig.  98. 

GENUS  Mestobregma  Scudder  (1875). 

Head  large;  face  horizontal ;  vertex  tumid,  but  not  so 
elevated  as  in  Psinidia,  broad  between  the  eyes,  the  fastig- 
ium  quadrate,  depressed,  with  very  high  and  abrupt  lateral 
and  frontal  carina,  which  form  the  continuation  of  the  sides 
of  the  equal,  completely  sulcate  frontal  costa;  lateral  foveo- 
lae  small,  depressed,  rudely  semi-circular,  the  ocelli  situated 
beneath  their  outer  extremity;  eyes  small,  moderately  prom- 
inent, but  little  longer  and  not  so  broad  as  the  space  be* 
tweenthem;  antennae  (female)  about  as  long  as  the  hind 
femora.  Pronotum  posteriorly  as  broad  as  the  head,  some- 
what constricted  in  the  middle,  the  hind  lobe  scarcely  longer 
than  the  front,  the  posterior*  border  rectangular;  median 
carina  moderately  conspicuous,  slightly  higher  on  the  front 
than  on  the  hind  lobe,  twice  deeply  cleft,  the  transverse  sul- 
cations  extending  into  the  lateral  lobes;  lateral  carinas  of 
posterior  lobe  prominent;  surface  of  hind  lobe  nearly  flat, 
pretty  smooth;  front  lobe  with  a  few  oblique  rugae  and 
small  tubercles.  Tegmina  and  wings  surpassing  the  abdo- 
men, the  axillary  vein  of  the  former  free ;  hind  femora  as  long 
as  the  abdomen. 

Mestobregma  cincia  Thomas. 

A  few  specimens  of  this  interesting  insect  have  been  taken 
in  various  portions  of  the  state,  but  mainly  in  the  more 
wooded  regions.  This  insect  appears  to  be  by  no  means 
common.  The  description  given  by  Thomas  follows:  Fe- 
male: The  head,  seen  from  the  side,  shows  the  crown  some- 
what elevated,  the  eyes  also  standing  high.    Vertex  deflexed,. 
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broad,  sub-hexagonal;  the  front  portion  prolonged;  the  mar- 
gins continuous  with  the  sides  of  the  frontal  costa.  Frontal 
costa  narrow  above,  gradually  expanding  below,  and  sul- 
cate  throughout.  Pronotum  short,  the  length  not  exceed 
ing  the  depth,  strongly  contracted  a  little  in  advance  of  the 
middle;  the  disk  somewhat  rugose,  that  of  the  posterior 
lobe  nearly  flat ;  the  median  carina  slightly  elevated  on  the 
front  lobes,  twice  distinctly  notched;  the  middle  portion 
shortest  and  rounded ;  the  whole  of  the  disk,  especially  the 
posterior  lobe,  more  or  less  covered  with  small  tubercles; 
lateral  carinas  obsolete  on  the  anterior  lobes,  and  obtuse 
and  indistinct  on  the  posterior  lobe;  the  posterior  angle  a 
little  larger  than  a  right-angle.  Elytra  and  wings  extend 
beyond  the  apex  of  the  abdomen.  Posterior  femora  rather 
short,  not  reaching  the  tip  of  the  abdomen  in  the  female; 
broad  at  base,  with  a  sharp,  elevated  upper  carina,  which 
suddenly  decreases  about  one-third  of  the  length  from  the 
apex;  the  lower  edge  generally  hairy.  Antennae  longer  than 
the  head  and  pronotum,  filiform. 

Color. — Fuscous  and  pale  yellowish-brown,  or  ash,  about 
equally  distributed  in  stripes  and  spots,  the  ash  or  yellow- 
ish-brown portion  more  or  less  mottled  with  fuscous  dots 

and  points.  The  dark  on  the 
head  as  follows:  two  stripes,  run- 
ning back  from  the  eyes  one  from 
the  upper,  the  other  from  the 
lower  corner;  the  lower  portion 
ofthe  cheeks  and  the  lower  mar- 
gin of  the  face;  and  some  dots 
on  the  margin  of  the  frontal 
costa.  On  the  pronotum  a  broad 
pale  stripe  runs  along  each  lat- 
Fig.  99  Mestobregma  cincta,  cral  caHua,  couvcrgiug  in  front 
"*^'°*'  of  the  middle;  the  margins  of  the 

posterior  portions  are  pale,  jointed  interiorly  by  a  black 
stripe;  the  central*  space  pale;  the  sides  marked  with  alter- 
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nate  stripes  of  pale  and  fuscous.  Elytra  fuscotis  at  the  base, 
becoming  transparent  a  little  beyond  the  middle,  where  the 
netted  nervules  suddenly  cease;  a  narrow  whitish  line  along 
the  angle ;  the  lower  field  has  two  sub-qnadrate  black  spots 
separated  by  an  elongate  whitish  spot.  Wings  transparent ; 
base  greenish-yellow ;  a  narrow  fuscous  band  across  the 
middle;  apex  pellucid,  with  a  few  fuscous  dots  at  the  tip- 
Posterior  femora  ash-colored,  with  three  black  spots  on  the 
tipper  margin  of  the  outer  face;  base  and  a  band  on  the  in- 
side black.  Posterior  tibiae  with  a  broad  white  ring  near 
the  base,  rest  blue.    Tarsi  yellow.    Venter  and  pectus  whitei 

Dimensions. — ^Length,  25  mm.;  tegmina, 23  mm.;  poste- 
rior femora,  14  mm. ;  posterior  tibise,  12  mm. 

This  insect,  shown  in  Fig.  99,  is  quite  diflFercnt  from  any 
other  orthopterous  insect  found  in  Minnesota. 

GENUS    Psinidia  Stkl  (1873). 

Head  large;  antennae  flattened;  pronotum  granulated, 
acute  angled  behind,  very  much  compressed  before  the  mid- 
dle; median  carina  distinct  with  two  notches;  lateral  carina 
distinct  on  posterior  lobe,  broken  on  the  anterior  lobes; 
wing-covers  narrow,  hind  wings  broad,  both  extending  be- 
yond the  body. 

LONG-HORNED  LOCUST. 

Psinidia  fenestralis  Serville. 

This  beautiful  insect  is  not  common  in  Minnesota,  and 
only  a  single  specimen  was  found  late  in  August  in  a  dying 
condition  upon  the  hot  sands  of  a  sand  bar  in  the  Missis- 
sippi River  opposite  Gray  Cloud  Island.  The  insect  is  small, 
and  when  resting  on  the  ground  it  is  so  much  colored  like  it 
that  it  is  not  readily  seen ;  when  flying,  however,  it  is  a 
very  conspicuous  object  with  its  large  and  crimson-colored 
wings. 
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Pig.    100 —Psinidia   feaestralis,  male. 
Original. 


Ash-colored,  variegated   with   gray    and   dark  brown; 
body  beneath  yellowish;  hind  femora  grayish  outside, black 

at  base  inside,  a  band  be- 
yond the  middle  and  black 
at  the  apex,  these  bands  are 
repeated  outside;  hind 
tibiae  whitish,  with  a  black 
ring  at  each  end,  and  one  of 
the  same  color  before  the 
middle;  wing-covers  ashen 
gray,  variegated  with 
brown  and  black,  trans- 
parent at  the  a})ex;  hind 
wings  pinkish-red  salmon 
color  or  pale  orange-yellow 
iat  the  base,  with  a  rather  arcuate  smoky  black  band ;  apex 
transparent  in  the  female,  more  or  less  tipped  with  black  in 
the  male,  the  dark  color  usually  connecting  with  the  black 
band  and  enclosing  a  transparent  patch. 

Measurements. — Male:  Length  of  body,  15  mm.;  wing- 
covers,  19  mm.;  posterior  femora,  10  mm.  Female:  Length 
of  body,  about  25  mm.;  wing-covers,  23  mm.;  posterior 
femora,  13  mm. 

This  insect,  (Fig.  100),  is  readily  distinguished  from  the 
species  of  Spbaragemon  by  the  strongly  constricted  prono- 
tum,  the  form  of  the  antennae,  and  the  venation  of  the  teg- 
mina,  which  are  narrow  and  have  many  of  the  cellules  in 
hinder  part  of  distal  half  two  to  four  times  as  long  as 
wide.  The  antennae  are  unlike  those  of  any  other  species  of 
this  sub-family,  having  depressed  or  prismatic  joints,  ap- 
pearing almost  ensiform  next  the  base.  Another  peculiarity 
noticable  is  that  on  the  distal  third  of  the  tegmiha  the 
maculation  is  restricted  to  the  costal  half.  The  species 
varies  greatly  in  general  coloration,  according  to  environ- 
ment, from  pale  dust-color  to  bright  reddish-brown  or  even 
black.    The  most  interesting  feature  is  the  variation  in  the 
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color  of  the.  win^s,  which  may  vary  in  specityiens  from  the 
same  spot,  from  dull  white  through  yellow  and  orange  to 
vermilion. 


O'i 


GENUS    Tritnerotropis  Stal.  (i673). 


,  Vertex  continuous  with  the  median  sulcus  of  the  face; 
body  covered  with  very  short  hairs ;  pronotum  compressed 
before  the  middle,  narrower  in  front  than  behind;  slightly 
angled  in  front  and  acutely  angled  behind ;  median  carina 
sHght  and  broken  by  two  wide  notches  before  the  middle; 
lateral  carina  distinct  on  the  posterior  lobe  and  broken  on 
the  anterior  lobes;  wing-covers  long  and  narrow;  hind 
wings  narrowing  to  a  point  at  the  apex. 


t 


\\. 


I 

! 
i 


Fig.  101. — Tritnerotropis  maritima,mo\r,    Originnl. 

Trimerotropis  maritima  Harr. 
^  The  Maritime  Locust. 

Head,  pronotum,  legs  and  posterior  femora  white, 
sprinkled  with  minute  points  and  dots  of  black  and  brown ; 
eyes  ochraceous;  inside  of  hind  femora  with  two  black 
spots;  hind  tibiae  light  yellow,  spines  tipped  with  black; 
wing-covers  also  whitish,  sprinkled  more  or  less  with  black 
ahd  brown  points  and  spots,  apex  transparent;  hind  wings  at 
base  s^emi-transparent,  pale  yellow  followed  by  an  ar<^uate, 
narrow  black  band,  more  or  less  broken  by  the  veins,  outer 
third  of  wing  transparent. 

Measurements. — Male:  Length  of  body,  23  mm.;  wing- 
covers,  24  mm.;  posteriorfemora,  13mm.  Female:  Length  of 
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tH>dy,32mn].;  wingTCOvers, 33 mm.;post?rior femora,  16mm. 
This  is  an  easily  ,  recognized  species.  The  sides  of  the 
pronotum  vary  considerably,  being  'sometimes  almost 
rpunded,  sometimes  with  A  distinct  tooth-like  projection. 
'The  color  of  the  insect  varies  with  the  soil  of  the  locality. 


Fig.  102.— Trimerotropta  maritlina,  Irmalt.    OriginaJ. 

the  ground-color  ranging  from  white  to  light  brown,  more 
or  less  sprinkled  with  dusky  blotches,  which  are  sometimes 
nearly  obsolete,  or  again  nearly  confluent  on  the  head, "pro- 
notum and  base  oftegmina.  In  places  where  the  white  sand 
of  the  river  shores  is  mixed  with  small  bits  of  bark  the  in- 
sects show  numerous  brownish  spots  agreeing  with  thecolor 
of  the  sand.    Both  sexes  are  illustrated  in  Figs.  101  and  102. 
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This  beautiful  insect  is  rather  common  in  certain  locali- 
ties, like  sandy  shores  of  fivers  and  lakes.  Its  whole  ap- 
pearance shows  it  to  be  an  inhabitant  of  white,  or  whitish 
sand.  Here  it  delights  to  bask  throughout  the  warmer  por- 
tions of  summer,  and  is  especially  numerousearly  in  July. 
Though  very  common  it  is  not  easily  detected,  nor  captured, 
as  it  is  very  vigilant,  at  least  during  the  day.  It  is  found 
with  Spbaragemon  collate  and  Dissosteira  Carolina. 

GENUS  Circotettix  Scudder  (1876). 

Eyes  somewhat  prominent;  vertex  channeled  and  con- 
tinuous with  the  median  sulcus  of  the  face ;  head  somewhat 
broader  than  the  anterior  lobes  of  the  pronotum ;  posterior 
lobe  of  the  pronotum  broader  and  acute  angled  behind; 
median  carina  slightly  elevated,  with  two  rather  deep 
notches  before  the  middle;  lateral  carina  indistinct  on  the 
posterior  lobe,  but  not  prominent.  Wings  and  wing-covers 
longer  than  the  body ;  the  latter  are  of  equal  length  through- 
out, with  the  apex  oblique;  the  former  are  rather  broad. 

Circotettix  yermcvlatus  Kir  by. 

Ash  gray,  heavily  mottled  with  black  and  gray ;  somc- 
times  the  black  almost  obscuring  the  entire  head,  thorax  and 
wing-covers,  thus  giving  the  insect  a  very  black  appearance; 
abdomen  black;  hind  femora  with  four  more  or  less  distinct 
black  bands ;  hind  tibiae  yellowish  with  a  black  band  at  the 
base,  a  broader  one  at  the  extremity  and  one  before  the 
middle;  hind  wings  semi-transparent,  light  yellow  at  the 
base  followed  by  a  narrow,  black,  arcuate  band;  apex 
transparent,  tipped  with  black;  sometimes  the  transparent 
space  is  black,  but  of  a  lighter  shade  than  the  band. 

Measurements :— Male :  Length  of  body,  22  mm. ;  wing- 
covers,  24mm.;  posterior  femora,  11  mm.  Female:  Length 
of  body,  30  mm.;  wing-covers,  28  mm.;  posterior  femora, 
13  mm. 
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A  number  of  specimens  were  captured  among  the  rocks 
at  the  State  Park  near  Taylor's  Fails.    It  maybecommon  if 
looked  for  at  the  proper  time. 
It  is  readily  confused  with  dark 
forms  of  Spharagemon  bolli, 
but  may  be  distinguished  by 
the   narrow  wing   band,    en- 
larged radial  veins,  pale  hind 
tibicC,     and     distinctly     two- 
notched  pronotal  carina.    In 
color  it  varies   from    a  dark 
gray  or  brown  to  black  sprin- 
kled with  ashy,  darkest  on  the 
head  and  pronotum,  palest  on 
base  of  hind  thighs,  and  with 
the  tegmina  distinctly  trifas- 
ciate.    Its  "song"  in  flight  is 
pigios.-c.vr«o(»(H«vwru.nj«tc..     the  loudest  pfoduccd  by  any 
of  onr  locusts,  and  consists  of 
a  series  of  separate  notes,  clicks  or  snaps,  not  a  rattle,  and 
is  readily  distinguished  by  this  peculiar  snapping  quality. 
It  is  very  shy  and  difficult  to  approach  during  the  warmer 
part  of  the  day,  T^hen  it  often  flies  away  for  a  distance  of 
several  rods  and  circles  about,  returning  to  the  place  whence 
it  started,  like  our  common  C-butterfly,  or  dances  up  and 
down  in  the  air,  snapping  loudly.    The  female  sometimes 
makes  a  soft  flutter  or  shufl^e  of  wings  in  flight,  probably 
corresponding  to  the  snapping  of  the  male,  and  both  sexes 
can  fly  silently  at  will.    The  male  stridulates  when  at  rest, 
by  rubbing  the  hind  thighs  against  the  tegmina,  producing 
a  " scotching  "  sound,  audible  at  a  distance  of  three  or  four 
feet.    The  intercalary  vein  is  toothed,  in  a  low  but  continu- 
ous series,  for  its  entire  length  in  the  male,  and  on  the  distal 
half  or  more  in  the  female,  in  which  the  teeth  are  lower  and 
barely  perceptible.    A  male  insect  is  illustrated  in  Fig.  103. 
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SUB-FAMILY  ACRIDIIN^. 

*  I  •  • 

a 

This  sub- family  of  locusts,  distinguished  by  an  armed 
prosternum,  is  well  represented  in  our  state,  and  some  of  the 
most  injurious  insects  known  to  our  farmers  belong  here. 
Only  two  groups  of  Acridiinae  occur  here,  the  Acridia  and 
Melanopli.  To  the  former  belong  the  very  large  Iqcusts  with 
the  mesosternal  lobes  longer  than  broad,  the»inner  margin 
straight,  and  to  the  latter  smaller  insects,  with  the  mesos- 
ternal lobes  transverse  or  equally  long  and  broad,  the  inner 
margin  usually  rounded.  The  Aendia  con  tain  but  one  genus, 
the  Schistocerca ;  several  species  of  this  genus  occur  in  Min- 
nesota. 

GENUS  Schistocerca  St&l. 

Large  size,  vertex  concave;  median  carina  of  pronotum 
distinct ;  lateral  carina  rounded ;  prosternum  provided  with 
a  long,  stout,  blunt  spine;  wings  well  developed,  as  long  or 
longer  than  the  body.    Last  segment  of  male  not  swollen. 

A  number  of  species  have  been  reported  from  Minnesota, 
and  the  following  ones  were  captured  in  1896.  Sch,  emargi- 
nata  Uhler,  Sch.  txibiginosa  Harr.,  and  Sch.  alutacea  Harr. 
Sch.  americana  Drury  is  a  southern  insect,  yet  they  can  ex- 
tend as  far  north  as  Minnesota,  as  indicated  by  the  capture 
of  one  of  these  insects  in  the  southeastern  corner  of  the  state. 

Schistocerca  alutacea  Harris. 

This  large  insect  occurred  early  in  July  in  large  numbers 
at  Gray  Cloud  Island,  in  a  stubble  field,  which  was  over- 
grown with  large  plants  of  Rudbeckia  and  other  weeds. 
The  insect,  when  fresh,  is  dirty  olive-brown  or  green,  with  a 
rather  broad,  more  or  less  bright  yellow  longitudinal  stripe 
on  the  top  of  the  head  and  pronotum ;  wing-covers  brown, 
sometimes  marked  with  darker  spots  and  dots;  along  the 
inner  margin  is  a  bright  j^ellow  stripe  which  becomes  lost 
near  the  apex;  hind  wings  transparent,  yellowish  at  the 
base  and  becoming  brownish  towards  the  apex. 
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Measurements. — Male:  Length  of  body,  28-32  mm.; 
wing-covers,  25-27  mm.;  hind  femora,  16-20  mm.  Female: 
Lengthof  body,48  mm.;  wing-covers, 39mm.;  hind  femora, 
24  mm. 

Scbiatocerca  emarginata  Uhler. 
This  species  occurs  with  alutacea,  but  is  decidedly  more 
common.  Both  species  are  so  closely  allied>  that  forms  occur 
that  seem  to  belong  asmucb 
to  the  one  species  than  to 
the  other.  It  is  shown  in 
Fig.  104. 

Color,  a  pale  reddish- 
brown,  tinged   with  green, 
A   distinct    median   yellow 
stripe  reaches  from  the  ver- 
tex to  the  tip  of  the  prono- 
tum,  and  extends  upon  the 
sutureof  the  elytra.    A  row 
of  distinct  black  punctures 
on  each  margin  of  the  fron- 
tal costa,  and  a  row  across 
the  upper  part  of  the  cly- 
peus.    Palpi    and    antennas 
yellow,  and  the  sides  of  the 
ta.        the    pronotum     sparsely 
sprinkled  with  yellow  dots. 
Elytra   translucent,   pale   reddish-brown;    nerves   darkest. 
Wings  transparent,  tinged  with  greenish -yellow  at  the  base; 
nerves  and  nervules  dull  yellow,  darkest  near  the  middle  of 
the  outer  border,  slightly  tinged  with  red  near  the  anterior 
border.    Anterior    and    middle    legs    greenish  externally ; 
striped  with  black  internally.    Posterior  femora  pale  green ; 
upper  margin  of  the  disk  marked  with  a  row  of  black  dots. 
Posterior  tibia:  with  the  inner  face  black;  onter  face  green- 
ish-purple.   Posterior  margin   of  each   abdominal  segment 
marked  with  a  ring  of  black  dots.    Same  size  as  alatacea. 
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Scbistocerca  rubiginosu  Harris^ 

Only  two  specimens  of  this  species  have  been  seen,  both 
captured  in  'the  southeastern  part  of  the  state  among  the 
wooded  bluffs  of  the  Mississippi  River.  It  is  light  rust-red, 
rather  uniform.  Elytra  opaque,  rather  paler  on  the  over- 
lapping portion,  without  spots,  or  very  brightly  sprinkled 
with  small,  darker  colored  spots.  Wings  transparent,  yel- 
lowish at  base,  slightly  reddish  toward  the  tip;  veins  black- 
ish. Posterior  femora  reddish ;  the  flat  disk  whitish,  with  a 
row  of  black  dots  above  and  below ;  apex  with  a  lunate 
black  spot  on  the  side.  Spines  of  the  tibise  whitish,  tipped 
with  black. 

It  is  slightly  smaller  than  alutacea,  and  differs  from  it  by 
its  redder  color,  and  the  absence  of  the  yellow  stripe  on  head, 
pronotum  and  wing-covers. 

Schistocerca  americana  Drury. 

This  fine  and  large  locust  is  common  in  the  south,  where 
it  sometimes  assumes  a  migratory  habit  and  becomes  very 
injurious  to  crops.  Its  large  wings  enable  it  to  fly  long  dis- 
tances. This  species  is  well  known,  being  illustrated  in  al- 
most every  book  on  entomology.  It  is  reddish-brown,  with 
a  slight  vermilion  tint.    A  yellow  stripe  extends  from  the 


Fig.  105, — Schistocerca  americana,  male.    Original. 

vertex  along  the  middle  of  the  head  and  pronotum,  and  also 
upon  the  suture  of  the  closed  elytra  as  far  as  the  tip  of  the 
abdomen.  •  A  dark  brown  line  down  the  cheeks  below  the 
eyes.  On  the  sides  of  the  pronotum  is  a  yellow  stripe  extend- 
ing from  the  sub-marginal  to  the  last  cross-incision,  directed 
a  little  obliquely  down  ward ;  below  this  is  a  brown  stripe; 
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then  a  narrow  yellow  stripe  directed  obltqaely  upward ; 
lower  margin  yellow.  The  wing-covers  opaque  and  reddish 
at  base,  rest  semi-transparent;  a  narrow  white  stripe  on 
the  lower  margin,  next  the  base;  the  disk  and  apical  half 
marked  with  large,  cellular,  fuscous  spots.  Wings  trans- 
parent, nerves  at  the  base  and  inner  portion  yellowish- 


Plg.  lOO.—Scbttlocmii  AiDrrJcjuta.  fcmalr.    Original. 

white,  of  the  other  portions  black.  Legs  bright  vermilion. 
Posterior  femora  have  a  row  of  black  dots  along  the 
upper  and  lower  margins  of  the  disk  and  one  through  the 
middle;  spines  of  posterior  tibite  yellow,  tipped  with  black. 
Each  section  of  the  abdomen  has  a  ring  of  dusky  dots  on  its 
posterior  margin. 
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Measurements.— Male:  Length  of  body,  about  4S  mm.; 
wing-covers,  45  mm.;  posterior  femora,  24  mm.  Female: 
Length  of  body,  52  mm.;  wing  covet*s,  54  mm.;  posterior 
femora,  28  nim. 

Both  sexes  are  illustrated  in  Figs.  105  and  i06. 
The  group  Afe/ai2op// contains  only  three  genera  found  in 
Minnesota,  viz.     Hesperotettix  Scudder,  Melanoplus  St&l, 
and  PboetaHotes  Scudder. 

A,  Subgenital  plate  of  male  furnished  with  a  distinct  sub- 
apical  tubercle  (i.  e.  one  in  which  the  apical  margin 
does  not  pass  through  and  form  a  part  of  the  summit 
of  the  tubercle,  but  where  it  is  distinctly  separated 
from  the  summit),  but  not  otherwise  tumescent. 

Hesperotettix. 

AA,    Subgenital  plate  of  male  with  no  distinct  sub-apical 

tubercle,  but  often  apically  prolonged  or  tumescent. 

B.  Head  not  large  in  proportion  to  pronotum,  nor 
prominent,  but  little  longer  than  the  prozona ;  pro- 
notum in  no  way  sub-sellate,  nor  flaring  in  front ; 
tegmina,  when  fully  developed,  narrow;  venation 
sharp  and  clearly  defined Melanoplus. 

BB,  Head  large  in  proportion  to  pronotum,  nearly  half 
as  long  again  as  the  long  prozona ;  pronotum 
faintly  sub-sellate,  feebly  flaring  in  front  to  re- 
ceive the  head ;  tegmina,  when  fully  developed, 
broad ;  venation  loose  and  ill  defined. 

Phoetaliotes. 

GENUS  Hesperotettix  Scudder  (1875). 

Head  not  very  prominent;  vertex  very  narrow  between 
the  eyes,  with  a  slight  median  pit ;  the  fastigium  broaden- 
ing considerably  in  front,  declivant,  shallowly  sulcate  in  the 
middle,  the  sides  rounded ;  front  straight,  a  little  (female) 
or  considerably  (male)  oblique;  the  frontal  costa  equal, 
scarcely  contracted  at  the  extreme  summit ;  antennae  slight- 
ly   longer    than  the  head  and  prothorax  together;   eyes 
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slightly  prominent,  a  little  more  so  in  the  male  than  the 
female.  Pronotum  rather  lonf^,  nearly  equal,  broadening  a 
very  little  posteriorly,  transversely  arched,  with  a  scarcely 
perceptible  median  tectiform  carina  and  well  rounded  lat* 
eral  margins;  the  hind  scarcely  longer  than  the  frontal  lobe; 
the  hind  border  delicately  marginate,  obtuse  angled;  pro- 
sternal  thorn  rather  long,  conical,  compressed,  bluntly 
pointed,  meso-  and  metastethia  together  much  longer  than 
broad.  Tegmina  and  wings  reaching  the  tip  of  the  ab- 
domen. Femora  as  long  as  the  abdomen,  the  superior 
carina  slight,  unarmed;  hind  tibise  slender,  the  spines  of 
either  side  of  equal  length,  scarcely  diverging,  the  upper 
lateral  margins  smooth  and  rounded;  first  )oint  of  hind 
tarsi  scarcely  longer  than  the  third,  the  second  small,  with 
a  large  inferior  apical  lobe ;  pul villus  large,  nearly  twice  as 
long  as  broad. 

Hesperotettix  pratensis  Scudder. 

(pale-green  locust.) 

Head  yellowish-green,  sparsely  punctate  with  fuscous  in 
front,  the  lower  portion  of  the  face  more  or  less  obscured 
with  purplish,  a  short  fuscous  stripe  depending  from  the 
eye,  in  front  of  which  the  callosity  is  livid;  vertex  with ^ 
more  or  less  distinct,  rather  narrow,  fuscous  or  blackish 
stripe,  narrowing  anteriorly,  and  ordinarily  with  a  median 

thread  of  yellow,  the 
fastigium  generally 
discolored,  sometimes 
and  especially  in  the 
female  reddish.  Pro- 
m     ^,i^^^    ^        rZs         I*    s   r     ,       notum  scarccIy  (malc) 

Piif.    107.^  Heaperotettix    prAtensis,  female.  "^    ^  ' 

ori^nai.  q^  sUghtly  (fcmalc)  in- 

creasing in  breadth  from  the  front  backward,  equally 
throughout  and  with  no  angle  in  the  middle,  yellowish- 
green.  Tegmina  of  about  the  length  of  the  abdomen  in 
both  sexes,  green  or  yellowish  green.    Legs  green,  the  fore 
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and  middle  femora  more  or  less  plainly  annulate  with  coral 
ted;  hind  tibias  pale  bluish-green,  becoming  more  or  less 
yellowish  apioally,  the  spines  pallid  on  their  basal,  blackish- 
brown  on  their  apical  half;  hind  tarsi  pale  green,  more  or 
less  yellowish. 

Length  of  body,  male,  18.5  mm.,  female,  80  mm.;  an* 
tennae,  male,  8.25  mm.,  female,  10.25  mm.;  tegmina,  male, 
13  mm.,  femak,  20  mm.;  hind  femora,  male,  11.6  mm.,  fe- 
male, 17.5  mna. 

A  female  of  this  beautiful  green  locust  is  shown  in  Pig. 

107. 

GENUS  Melanoplus*  St&l. 

Head  rounded  on  top,  not  large  in  proportion  to  prono- 
tum,  nor  prominent,  but  little  longer  than  prozona,  unless 
the  latter  is  distinctly  transverse;  vertex  continuous  with 
the  median  sulcus  of  the  face*  with  the  portion  between  the 
eyes  channelled ;  face  with  the  lateral  carina  sharply  defined; 
eyes  prominent,  nearly  straight  in  front  and  rounded  be- 
hind, antennae  slender,  extending  to  the  tip  of  the  pronotum 
in  the  female,  and  beyond  in  the  male:  pronotum  with  a 
distinct  median  carina,  the  lateral  carina  obtuse  and  the 
transverse  incision  more  or  less  distinct.  Tegmina,  when 
fully  developed,  narrow,  rarely  rather  broad,  but  then  very 
distinctly  tapering,  more  or  less  tapering  in  the  distal  halft 
as  long,  longer  or  shorter  than  the  abdomen ;  hind  wings 
somewhat  shorter  than  the  tegmina.  First  joint  of  hind 
tarsi  as  long  as  the  last  joint ;  pulvilli  between  the  claws 
large;  last  joint  of  abdomen  of  the  male  much  swollen, 
cerci  of  male  very  variable,  very  rarely  styliform,  and  then 
the  subgenital  plate  is  either  exceptionally  broad  or  only 
moderately  narrow,  and  the  apical  margin  elevated. 

This  American  genus  of  locusts  is  very  well  represented 
in  Minnesot^)  and  many  more  species  will  be  found  upon 
closer  exploration.  Besides  those  described  the  following 
species    have   been   found  in-  our  state^    tiridipes  Walsh; 

*  Black  armor. 
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i  feseiatus    Sctidder;    extremus  Walker;   comptas  Scudder; 

^  Packardii  Scudder;  infantilis  Sctidder;  viola  Thomas;  and 

hmorataSy  Burtneister,  but  no  specimens  have  been  seen  bj 

the  writer. 

A,  Tegmina  conspicuously  shorter  than  the  abdomen, 
often  no  longer  than  pronotum ;  furcula*  almost  al- 
ways developed  feebly,  generally  no  longer  than  the 
last  dorsal  segment  from  which  it  arises. 

b.  Cerci  of  male  beyond  the  middle  either  equal  or 
tapering,  sometimes  simply  styliform  throughout, 
the  tip  usually  more  or  less  pointed,  but  some- 
times broad  or  truncate;  metastemal  lobes  of 
male  attingent  or  sub-attingent. 

c.  Prozona,  at  least  in  male,  much  longer  than 
broad,  the  disk  of  the  whole  pronotum  more 
than  twice  as  long  as  the  middle  breadth,  the 
median  carina  percurrent,  equal;  interval  be- 
tween mesosternal  lobes  of  male  twice  as  long 

as  broad , ScudderL 

cc.  Prozona,  even  in  male,  transverse,  sub-quadrate 
or  slightly  longitudinal,  the  disk  of  the  whole 
pronotum  less  than  twice  as  long  as  middle 
breadth,  the  median  carina  often  sub-obsolete 
between  the  sulci;  interspace  between  the 
mesosternal  lobes  of  the  male  not  more  than 

half  as  long  again  as  broad.. Dawsoni 

bb.  Cerci  of  male  more  or  less  expanded  apically,  so  as 
to  be  broader  at  some  point  below  the  middle 
than  at  the  middle,  spatulate  or  sub-spatulate; 
metasternal  lobes  of  male  separated  by  a  vari- 
able interval, 
c.  Sub-genital  plate  of  male  short  and  broad,  its 
\  apical   breadth    equal   to   or   surpassing   the 

length  of  its  lateral  margin BlatchleyL 

*Prof.  Spndder  calls  t>ie  proceMe*  of  last  dorsal  segment  of  the  male  abdomca 
ihefbrcalm. 


270  FAMILY  V.— ACRIDIIN^. 

cc.    Sub-genital  plate  of  male  distinctly  narrower 
than  long,  often  narrowing  apically...^<aci2is. 
A  A,    Tegmina  nearly  or  quite  as  long  as  or  longer  than  the 
abdomen;  furcula  usually  well  developed,  generally 
at*  least  a  quarter  as  long  as  the  supra-anal  plate, 
but  sometimes  obsolete, 
b.    Cerci  of  male  rapidly  expanding  from  the  base  to- 
wards  the  middle,  as  a  whole  broad  and  short, 
flabellate,  rarely  twice  as  long  as  broad,  not  ex- 
panded apically occidentalis. 

bb.    Cerci  of  male  tapering  from  the  very  base  towards 
the  middle,  rarely  equal  in  basal  portion,  gen- 
erally long  and  slender,  and  rarely  as  little  as 
twice  as  long  as  broad, 
c.    Cerci  of  male  beyond  the  middle  either  equal  or 
tapering,  the  tip  usually  slender  or  acuminate, 
never  bifurcate.    Apical  margin  of  sub-genital 
plate  of  male  notched, 
d.    Tegmina  extending  beyond  hind  femjora,  if  at 
all,  by  not  more  than  the  length  of  the  pro- 
notum,  generally  by  much  less  than  that ; 
prozona  of  male  quadrate  or  very  feebly 
transverse;  cerci  of  male  generally  almost 

or  quite  twice  as  long  as  broad atlanis, 

dd.  Tegmina  extending  beyond  hind  femora  by 
the  length  of  the  pronotum  or  nearly  as 
much,  often  by  the  length  of  head  and 
pronotum  combined;  prozona  of  male 
generally  strongly  transverse;  cerci  of 
male  not  more  than  half  as  long  again  as 

broad.... spretus. 

e.  Sub-genital  plate  of  male  as  broad  or 
nearly  as  broad  at  apex  as  at  base, 
generally  elevated  apically  and  often 
notched  (generally  narrowly);  cerci 
usually  narrowing  but  little  on  basal 
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half,  the  apical  half  equal  and  sym- 
metrical, bluntly  rounded  (rarely  trun- 
cate or  angulate)  apically. 

f .  Interspace  between  mesosternal  lobes 
of  male  distinctly  longer,  generally 
much  longer  than  broad,  and  much 
narrower  than  the  lobes;  metas- 
ternal  lobes  attingent  or  sub-at- 
tingent  in  the  male. 

g.  Sub-genital  plate  of  male  broad, 
at  least  as  broad  as  long;  cerci 
incurved  feebly  and  gently,  or 
not  at  all Dawsoni, 

gg.  Sub-genital  plate  of  male  rather 
narrow,  narrower  than  long, 
although  short ;  cerci  abruptly 
incurved  apically Gladstonu 

ff.  Interspace  between  mesosternal  lobes 
of  male  quadrate,  almost  or  a  little 
transverse  and  but  little  narrower 
than  the  lobes ;  metastemal  lobes  of 
male  only  approximate borealis. 

ee.  Sub-genital  plate  of  male  conspicuously 
narrower  at  apex  than  at  base  (gener- 
ally only  half  as  wide),  rarely  at  all 
elevated  at  apex  above  the  lateral  mar- 
gins and  never  notched;  cerci  always 
distinctly  narrowing  on  basal  half,  the 
upper  angle  of  the  apex  prolonged  and 
oiter  sub-acuminate femur-rubnun. 

cc.  Cerci  of  male  more  or  less  expanded  apically,  so 
as  to  be  broader  at  some  point  beyond  the 
middle  than  at  the  middle,  spatulate  or  sub- 
spatulate  or  apically  bifurcate. 


I  I 
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d.  Cerci  of  male  simply  spatula te  or  sub-spatu- 
late,  at  most  moderately  broad,  apically 
entire  and  no  broader  than  at  base;  furcula 
always  developed  as  distinct  denticulations. 

e.  Furcula  of  male  not  more  than  a  third  as 
long  as  the  supra-anal  plate;  tegmina 
lightly  maculate  or  immaculate. 

angvstipennis. 

ee.  Furcula  of  male  more  than  a  third  as 
long  as  the  supra-anal  plate;  tegmina 
usually  heavily  maculate impiger. 

dd.  Cerci  of  male  apically  bifurcate,  or  with  an 
inferior  sub-median  process  or  abrupt  an- 
gulation, or  else  expanded  so  as  to  be  dis- 
tinctly, generally  much,  broader  apically 
than  at  theextreme  base;  furcula  wanting 
or  minute. 

e.  Size  smaller  or  medium ;  cerci  of  male  al- 
ways bifurcate  or  with  an  inferior  sub- 
median  process  or  angulation;  supra- 
anal  plate  pretty  regularly  triangular 
with  straight  or  feebly  convex  lateral 
margins:  furcula  usually  distinctly  de- 
veloped ;  prostemal  spine  usually  short. 

f  Furcula  of  male  consisting  of  slender 
spines,  longer  than  the  last  dorsal 
segment ;  base  of  lateral  margins  of 
sub-genital  plate  incurved minor, 

ft'.  Furcula  of  male  consisting  of  brief 
triangular  lobes;  base  of  lateral 
margins  of  sub-genital  plate  not  in- 
curved  luridus. 
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ee.  Si^oe  medium  or  large ;  cerci  of  male  rarely 
bifurcate  or  with  an  inferior  process 
(and  then  the  insect  is  of  a  large  size, 
which  it  never  is  in  the  alternate  cate- 
gory, and  the  supra-anal  plate  is  dis-  ' 
tinctly  shield-shaped,  the  apical  half 
tapering  with  much  greater  rapidity 
than  the  basal;  or  the  furcula  is  ab- 
sent; or  the  interspace  between  the 
mesosternal  lobes  of  the  male  is  three 
times  as  long  as  broad,  which  it  never 
is  in  the  alternate  category);  supra- 
anal  plate  cf  variable  shape;  fiircula 

eithpr. .  absent  or  very  minutely  devel- 
oped ;  prosternal  spine  usually  long. 

f.  Interspace  between  mesosternal  lobes 
of  ma^e  nearly,  fully,  or  much  more 
than  twice  as  long  as  broad;  of  female 
generally  as  long  as  broad,  rarely 
quadrate ;  prosternal  spine  generally 
long';  tegmina  usually  clear,  or  with 
a  marked  distinction  in  color  be- 
tween the  dorsal  and  lateral  areas, 
or  with  the  angle  between  the  two 
marked  by  a  conspicuous  light  col- 
ored stripe;  head  less  prominent  and 
with  less  prominent  eyes  than  in  the 
alternate  category,  the  front  margin 
of  the  pronotum  in  no  way  flaring 
to  deceive  the  head. 

g.  Furcula  of  male  entirely  absent,  or 
present  only  as  a  minute  point 
or  bead;  hind  tibise  generally 
yellow,  but  sometimes  red. 

diBerentialis, 
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gg.  Furctila  of  male  distinctly  pres- 
ent, though  always  very  small, 
angulate,  the  angle  rarely  pro- 
duced; hind  tibiflB  never  yellow, 
usually  red,  rarely  purplish  or 

yellow  at  tip \..,bivittatus. 

fF.  Interspace  between  mesosternal  lobe 
of  male  sub-quadrate;  of  female 
transverse ;  prosternal  spines  short ; 
tegmina  maculate  with  roundish  fus- 
cous spots ;  eyes  of  male  and  head 
prominent,  the  front  margin  of  the 
pronotum  flaring  to  receive  the 
head .punctulatns, 

Melanoplus  Scuddeti  Uhler. 

Short  winged,  of  medium  or  rather  small  size,  ferrugineo- 
fuscous,  a  little  lighter  beneath.  Head  not  prominent,  dark 
testaceous,  much  mottled  with  fuscous,  above  almost 
wholly  infuscated,  with  an  obscure  fuscous  post-ocular 
band;  vertex  somewhat  tumid,  scarcely  elevated  above  the 
pronotum;  antennae  ferruginous,  about  four-fifths  (male)  or 
less  than  two-thirds  (female)  as  long  as  the  hind  femora. 
Pronotum  often  heavily  ferruginous  on  the  disk,  the  laternal 
lobes  with  a  post-ocular  piceous  belt ;  disk  broadly  convex, 

passing  by  a  distinct  but  everywhere  dis- 
tinctly rounded  shoulder  into  the  at  first 
very  steeply  declivent  and  afterwards 
vertical  lateral  lobes ;  median  carina  dis- 
tinct, delicate  and  equal  throughout. 
Prosternal  spine  not  very  long,  appressed 
cylindrical,     tapering      apically,     bluntly 

piV^scTddeYui^Sof     pointed,  erect.    Tegmina  about  as  long  as 
male  abdomen.  o»ig.     ^^^  prouotum,  broad  ovate,  overlapping; 

wings  not  half  the  length  of  the  tegmina. 
Fore  and  middle  femora  slightly  tumid  in  the  male;  hind 
lemora  ferrugineo-testaceou&,  occasionally  with  an  olivea- 
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cetis  tinge,  feebly  bimaculate  with  fuscous  above,  the  spots 
often  extending  half  way  across  the  inner  face,  the  lower 
face  castaneous,  occasionally  ruddy ,  the  geniculars  are  black; 
hind  tibiae  bright  red  sometimes  feeby  infuscated  towards 
the  base,  and  with  a  fuscous  patellar  spot,  the  spines  black 
in  the  apical  half,  crowded,  eleven  to  sixteen,  usually  twelve 
to  thirteen,  in  number  in  the  outer  series.  Extremity  of 
male  abdomen  as  shown  in  Fig.  108. 

Length  of  body,  male,  17  mm.,  female,  22  mm.;  anten- 
nae, male  and  female  8  mm.;  tegmina,  male,  5  mm.,  female, 
5.25  mm.;  hind  femora,  male,  10  mm.,  female,  12.75  mm. 

This  is  not  a  common  locust,  but  is  sometimes  found 
late  in  summer,  in  dry  places. 

Melanoplus  Dawsoni  Scudder. 

Short  or  long  wing,  of  medium  or  rather  small  size,  ob- 
scure  fusco-testaccous.    Head    slightly   prominent   in    the 

male  only,  olivaceo-testaceous,  infuscated 
above  with  a  broad  piceous,  post-ocular 
band;  vertex  tumid,  distinctly  elevated 
above  the  pronotum,  t^ie  interspace  be- 
tween the  eyes  rather  broad,  at  least  twice 
as  broad  as  the  first  antennal joint;  eyes 
not  very  large  and  prominent;  antennae 
ferruginous,  four-fifths  (male),  or  three- 
fifths  (female),  as  long  as  the  hind  femora. 
Pronotum  sub-equal  (male)  or  distinctly 
compressed  above  anteriorly  (female), 
short,  the  disk  transversely  a  little  convex 
and  passing  into  the  vertical  lateral  lobes 
by  a  rounded  angle,  which  is  nevertheless 
so  abrupt  as  to  form,  at  least  in  the  male, 
tolerably  distinct  lateral  carince;  lateral 
lobes  ligl»ter  colored  below  than  the  disk, 
Fi«.  110.— Afe/ano-     abovc  on  the  prozona  a  broad,  lustrous, 

plus  Dawaoai  JcmaXe.        .       ,  1111  .*  .        « 

Original.      ._^     dark  colored    band,  sometimes   obsolete, 


276  FAMILY  V.— ACRIDIINi5$. 

sometimes  deepening  to  piceotis;  mediaii  carina  slight; 
prosternal  spine  very  short  and  blnnt.  Tcgmina  brownisbr 
fuscous,  more  or  less  feebly  flecked  witb  fuscous,  and  either 
greatly  surpassing  the  hind  femora,  moderately  broad  and 
sub-equal  nearly  to  the  wejl  rounded  tip,  or  ovate-lanceo- 
late apically  sub-acuminate,  a  little  longer  than  the  prono- 
tum  only;  wings,  when  fully  developed  ample,  hyaline,  with 
pale  brownish-fuscous  veins.  Fore  femora  of  male  greatly 
enlarged,  hind  femora  luteo-  or  ferrugineo-testaceous,  very 
obliquely  and  broadly  bifasciate  with  blackish  fuscous 
above  and  outside,  with  a  basal  patch  of  the  same,  the 


Pi^.  109.— Afe/Anop/us  Dawsoni,  male.  Pig.  111. —  Afelmnoplas 

Original.  Dawaoai,  tip  of  male  ab- 

domen.    Original. 

whole  sometimes  reduced  to  mere  clouds,  the  genicalar  arc 
and  sometimes  the  whole  geniculation  blackish  fuscous; 
hind  tibiae  wholly  red,  the  spines  black  except  at  base,  ten 
to  thirteen  in  number  in  the  outer  series. 

Extremity  of  male  abdomen  as  shown  in  Fig.  111. 

Length  of  body,  male,  16  mm.,  female,  18.5  mm.;  anten- 
nae, male,  7.5  mm.,  female  6.25  mm.;  tegmina,  male  and 
female,  5.25  mm.;  hind  femora,  male,  9  mm.,  female, 
10.5  mm. 

The  short-winged  form  of  this  species  is  found  rather 
abundantly  upon  the  flowersof  the  various  species  of  golden 
rod.    Both  sexes  are  illustrated  in  Figs.  109  and  110. 

Melanoplus  Blatcbleyi  Scudder. 

Short  winged,  i)f  moderately  large  size,  cinereo-fuscous 
with  an  olivaceous  tinge.    Head  somewhat  prominent,  oli- 
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vaceo-testaccous  variably  bnt  generally  considerably  infus- 
cated,  abore  dark  fuscous,  separated  by  a  testaccoas  stripe 
from  the  broad  piceous  post-ocnlar  band;  vertex  gently 
tamid,  Teebly  elevated  above  the  pronotam,  the  interspace 
between  theeyes  half  as  broad  again  (male)  or  twice  as  broad 
(female)  as  the  first  antennal  joint;  eyes  moderately 
large  and  prominent;  antennae  rufo-testaceous,  scarcely 
shorter  than  (male),  or  nearly  two-thirds  as  long  as  (fe- 
male) the  hind  femora.    Proaotum  sub-equal,  the  sides  with 


ng.lia.—UelaaoplatBlattblerl.titoMe.    OiiglnBl.  Pig.  ll*.~McIanoiilua 

Blatcbteri,  tip    or  male 
Kbdomeu      Original. 

a  broad  piceous  post-ocular  band  con&ned  to  the  prozona 
in  the  male,  the  same  being  wholly  obsolete,  obscure,  or 
confined  to  the  upper  limits  of  the  lateral  lobes  in  the  female; 
disk  very  broadly  convex,  passing  by  a  distinct  but  blunt 
angulation  forming  feeble  lateral  carina  into  the  inferiorly 
vertical  lateral  lobes;  median  carina  distinct  but  not  very 
sharp  on  the  metazona.  Prostemal  spine  long,  appressed 
cylindrical,  blunt  retrorse.  Tegmina  abbreviate,  a  little 
longer  than  the  pronotum,  over  lapping,  very  broad  just 
beyond  the  base  and  rapidly  narrowing,  short  8ublanceolate< 
the  costal  margin  roundly  angulate,  apically  sub-acuminate, 
brownish-fuscous  the  dorsal  field  often  cinereous,  the  lateral 
often  feebly  fiecked  with  fuscous.  Fore  and  middle  femora 
very  tumid  in  the  male;  hind  femora  testaceous  or  flavo- 
testaceous,  heavily  and  broadly  bnt  sometimes  confusedly 
bifasciate  with  blackish-fuscous,  the  geniculation  blackish, 
the  inferior  face  pale  flavous,  pallid  apically ;  hind  tibiee  redi 
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blackish  at  the  base,  followed  by  an  obscnre  pallid  annulus, 

below  which  the  red  is  feebly  infascated,  the  spines  black  on 

their  apical  half,  ten  to  eleven, 

rarely  aine,  in    number  on  the 

outer  series. 

Extremity  of  male  abdomen  as 
shown  in  Fig.  94. 

Length  of  body,  male,  23  mm., 
female,  24  mm. ;  antennee,  male, 
14  mm .,  female,  10  mm. ;  teg^mina, 
male,  9.5  mm.,  female,  8.5  mm.; 
hind  femora,  male,  15  mm.,  fe- 
male, 13.5mm. 

This  insect,  both  sexes  of  which 
are  illustrated  in  Pigs.  112  and 
113,  is  very  common  in   Minne- 
sota, and  wherever  it  occurs  it  is 
found  in   large  and  destructive 
numbers.    It  prefers  the  edges  of 
forests,  or  places  overgrown  with 
bushes  and  vines.      The  grape- 
vine  especially   is   preferred    by 
Pig.ixa.—utiaaopim Bittt^ityi.  thcsc  locusts,  and  they  soon  de- 
stroy  its  foliage  by  eating   big 
holes  in  the  leaves.    It  is  an  insect  that  can  become  very 
destructive.     In  1896,  during  July,  not  a  single  entire  leaf 
could  be  found  upon  Gray  Cloud  Island,  as  this  locust  was 
everywhere  in  large  numbers. 

Melanoplus  gracilis  Bruner. 

Short  winged,  a  little  below  the  medium  size,  brownish- 
testaceous  above,  luteo-flavous,  the  whole  tinged  with  green, 
with  bright  green  hind  legs.  Head  hardly  prominent,  luteo- 
flavous,  generally  tinted  with  green  and  somewhat  em- 
browned, above  brownish-testaceous  with  a  greenish  tinge, 
sometimes  separated  byadistinct  slender  flavous  stripe  from 
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the  broad  post-ocular  band.  Frontal  costa  prominent;  eyes 
moderate  in  size.  Pronotum  subequal,  faintly  enlarging  pos- 
teriorly ,  above  bro wnish-testaceons^  the  lateral  lobes  with  a 
very  broad  and  conspicnons  piceous  percurreiit  post-ocnlar 
belt  above,  below  varying  from  bright  flavous  to  flavo-testa- 
ceous,  the  disk  very  broadly  sub-tectate,  passing  by  an 
abrupt  but  rounded  shoulder,  forming  feeble  percurrent  lat- 
eral carinse,  into  the  vertical  lateral  lobes;  median  carina 
low  but  distinct.  Prosternal  spine  large,  conical,  blunt,  sub- 
erect.  Tegmina  abbreviate,  about  the  length  of  the  prozona, 
lateral,  lanceolate,  the  costal  margin  convex,  the  inner  nearly 
straight,  fully  three  times  as  long  as  broad,  brownish  fus- 
cous. Pore  and  middle  femora  con^derably  tumid  in  the 
male ;  hind  femora  very  slender,  green,  the  whole  geniculation 
blackish-fuscous,  the  under  surface  flavous ;  hind  tibiae  green, 
with  a  basal,  feeble,  fuscous  annulus,  the  spines  black  in  the 
apical  half,  eleven  to  twelve  in  number  in  the  outer  series. 
Abdomen  ferrugineo-fuscous,  flavescent,  compressed,  with  a 
distinct  median  carina,  the  extremity  of  the  male  abdomen 
considerably  clavate,  much  recurved. 

Length  of  body,  male,  14  mm.,  female,  19  mm. ;  antennae, 
male,  8.5  mm.,  female,  7.75  mm.;  tegmina,  male,  3  mm., 
female,  4  mm. ;  hind  femora,  male,  10  mm.,  female,  1 1.25  mm. 

This  species  is  also  found  in  low  and  open  woods,  but  is 
not  common,  only  four  females  having  been  caught  in  July, 
in  societ}*^  with  Blatcblejri. 

Melanoplus  occidentalis  Thomas. 

Of  medium  or  rather  small  size.  Head  very  slightly  ele* 
vated,  a  very  little  arched;  fastigium  rather  shallow,  the 
margins  in  front  of  the  eyes  blunt;  frontal  costa  more  than 
usually  prominent ;  eyes  rather  prominent,  anteriorly  trun- 
cate. Pronotum  enlarging  on  the  metazona,  laterally  sub- 
tumid  in  an  irregular  way  on  the  prozona,  the  metazona 
faintly  punctate ;  front  margin  feebly  convex,  with  a  feeble 
median  emargination ;  hind  margin  roundly  obtus-angulate; 


280  FAMILY  V.-ACRIDIINA\ 

median  carina  distinct  on  the  metazona,  faint  on  the  pro- 
2ona,  obsolete  between  the  sulci ;  sides  of  the  pronotum  hardl  j 

shouldered,  or  with  very  rounded  should- 
ers; transverse  sulci  of  prozona  pretty 
distinct  and  continuous.  Prosternal 
Spine  rather  short,  appressed  conical, 
broadly  rounded  on  tip.  Tegmina  ex- 
tending to  or  a  little  beyond  the  tip  of 
the  abdomen,  slender,  scarcely  tapering, 

o^SiatMUmT^P^ot^maSle   profusdy    maCUlatC     throughout.      Gen- 
abdomen.    Oriffinai.  i  t  r  •  «  « 

era!  color  ferruginous  brown  above, 
mottled  strongly  with  blackish-fuscous,  livid  brown  below ; 
a  blackish-brown  median  stripe,  broadening  posteriorly, 
passes  from  between  the  eyes  to  the  back  of  the  head,  but 
seldom  continues,  and  then  less  deeply,  upon  the  pronotum ; 
the  face  and  gense  vary  from  yellow  to  testaceous  and  are 
seldom  blotched  by  dusky,  colors,  excepting  on  the  gena^. 
Tegmina  dark  brownish  cinereous  with  a  slender  median 
yellow  stripe,  frequently  broken  by  quadrate  fuscous  or 
blackish  spots,  and  similar  spots  are  scattered  rather  dis- 
tantly all  over  the  tegmina,  giving  them  an  unusually 
speckled  appearance.  Hind  femora  variable,  either  with  ob- 
lique pale  patches  on  a  dark  ground  or — ^and  generally — ^the 
reverse;  hind  tibiae  glaucous,  with  black-tipped  spines,  ten 
or  eleven  in  number  in  the  onter  series. 

Extremity  of  male  abdomen  as  shown  in  Pig.  115. 

Length  of  body,  male,  18  mm.,  female,  25  mm. ;  antennae, 
male,  9,5  mm.,  female,  10.25  mm.;  tegmina,  male,  16  mm., 
female,  21  mm.;  hind  femora, male,  11.5mm., female,  14mm. 

Only  a  few  of  this  species  were  found  in  Otter  Tail  County. 

Melanoplus  atlanis  Riley. 

THK  LESSER  MIGRATORY  LOCUST. 

Prom  medium  to  a  Uttle  above  medium  size,  dark  griaeo- 
fuscous,  often  tinged  more  or  less  heavily  with  ferruginous; 
head  a  little  prominent,  olivaceo-testaceous  freckled  with 
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mg.  Iia.—Mcliinoplai 
Mtlmala,  tip  of  male  «■>• 
domen.    Oilsinal. 


foacotts,  above  more  or  less  inftiecated,  sometimes  di£hudng 
thewbole, sometimes  coafiBcd  to  two  divergent  tongHndinal 
stripes,  with  a  broad,  piceous,  post-ocu- 
lar baad;  vertex  rather  ttimid,  some- 
what elevated  above  the  pronotnm,  the 
interspace  between  the  eyes  nearly  twice 
as  broad  as  the  first  antenna!  joint  in 
both  sexes ;  fastigtnm  steeply  declivent, 
shallowly  sulcate;  frontal  costa  rather 
prominent,  irregularly  pnnctate;   eyes 
moderate,  rather  prominent  in  the  male. 
Pronotnm  rather  short,  feebly  and  angularly  constricted  in 
the  middle,  the  broad  angulation  at  the  principal  sulcus  and 
produced  mostly  by  the  posterior  expansion  of  the  meta- 
zona,  more  or  less  infuscated  and  often  also  ferruginous 
above,  the  lateral  lobes  with  a  gen- 
erally distinct  and  entire  but  some- 
times broken  or  maculate,   broad, 
piceous,  post-ocular  band,  confined 
to  the  prozona;  disk  broadly  con- 
vex and  passing  into  the  vertical 
lateral  lobes    somewhat  abruptly 
but  with  a  well-rounded  shoulder, 
simulating  but  nowhere  really  form- 
ing distinct  lateral  carins;  median 
carina  distinct  and  well  marked  in 
the  metazona,  obscure  and  generally 
sub-obsolete  on  the  prozona  if  not 
indeed    obsolete,     particularly    be- 
tween the  sulci  and  in  the  female. 
Prostemal   spine  variable,  usually 
short,  conical,  a  little  blunt,  slightly 
appressed,  erect  (male)  or  short  ap- 
pressed  subcorneal,  very  blunt,  erect 
rt.^fe."f-"5^'"°'^'""'"^    (female).    Tegmina  usually  surpass- 
ing considerably  the  hind  femora,  occasionally  and  especially 
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in  the  female  only  a  little,  slender,  feebly  tapering,  brownish- 
fuscous,  nearly  always  flecked  slightly  with  fuscous  through- 
out the  discoidal  area;  wings  rather  broad,  hyaline,  the 
veins  mostly  testaceous,  the  apex  sometimes  faintly  infu- 
mate.  Fore  and  middle  femora  of  male  somewhat  tumid; 
hind  femora  luteo-  or  flavo-testaceous,  obscurely  broadly 
and  obliquely  bifasciate  with  fuscous  besides  the  fuscous 
base,  the  inner  surface  mostly  flavous,  more  or  less  clouded 
with  fuscous,  the  lower  surface  externally  flushed  with  rose- 
ate, the  geniculation  mostly  fucous;  hind  tibice  normally 


Pig.  117.-— Melanoplaa  atlanis,  male.    Ori^rinal. 

rather  bright  red.  often  feebly  pallescent  at  base,  with  a 
faint  fuscous  patellar  spot,  but  not  infrequently  pale  red  or 
pale  green  or  pale  yellow,  or  even  dark  blue,  the  spines  black 
beyond  the  base,  nine  to  twelve  in  number  in  the  outer  series. 

Extremity  of  male  abdomen  as  shown  in  Fig.  116;  male 
and  female  shown  in  Figs.  117  and  118. 

Length  of  body,  male,  21.5  mm.,  female,  24  mm.;  an- 
tennae, male,  10  mm.,  female,  7.5  mm.;  tegmina,  male  and 
female,  20  mm.;  hind  femora,  male,  12.5  mm.,  female 
12.75  mm. 

This  is  one  of  our  most  injurious  locusts,  and  almost  al- 
ways found  in  our  state  in  destructive  numbers.  It  and 
Camnula  pellacidaj  have  caused  serious  losses  in  many  parts 
of  the  state ;  it  prefers  higher  and  dryer  regions,  or  a  wooded 
or  mixed  country,  to  the  open  prairies,  where,  however,  it 
also  occurs  not  infrequently  in  very  large  armies,  while  the 
latter  species  is  fond  of  low  and  moist  localities.  As  a  gen- 
eral rule  both  species  do  not  remain  for  a  numl^er  of  years  in 
destructive  numbers  in  the  same  locality ;  this  is  no  doubt 
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owing  to  the  large  numbers  of  parasites  which  soon  become 
so  numerous  as  to  almost  annihilate  their  host.  This  insect 
is  single  brooded  in  Minnesota.  Its  life-history,  with  illus- 
tration, is  given  elsewhere, 

Melanoplvs  spretus  Uhler. 

THE  ROCKY-MOUNTAlN  MIGRATORY  LOCUST. 

Of  large  size,  but  of  slender  form,  light  griseo-fuscotis, 
more  or  less  cinereous,  and  often  tinged  to  a  greater  or  less 
degree  with  ferruginous.  Head  somewhat  prominent,  light 
fusco-olivaceous,  with  a  broad,  piceous,  post-ocular  band, 
and  above  more  or  less  infuscated  or  dulled  in  color,  often 
with  a  pair  of  longitudinal  fuscous  stripes;  vertex  rather 
tumid,  raised  considerably  above  the  level  of  the  pronotum ; 
fastigium  steeply  declivent,  rather  deeply  (male)  or  shal- 
lowly  (female) sulcate throughout;  frontal costa  moderately 
prominent,  distinctly  failing  to  reach  the  clypeus;  eyes  not 
very  large  nor  very  prominent.  Pronotum  very  short,  equal 
on  the  prozona,  expanding  somewhat  on  the  metazona, 
light  brownish  fuscous,  often  ferruginous,  the  latercd  lobes 
with  a  much  broken  and  maculate  post-ocular  piceous  or 
dark  fuscous  band  confluent  to  the  prozona,  the  disk  broadly 
convex,  passing  into  the  vertical  lateral  lobes  by  a  rounded 
angle  forming  a  blunt  shoulder  on  the  metazona  and  poste- 
rior section  of  the  prozona  only;  median  carina  distinct  on 
the  metazona,  feeble  and  often  sub-obsolete  on  the  prozona. 
Prostemal  spine  rather  long,  appressed,  feebly  conical,  very 
blunt,  erect,  shorter  in  the  female 
than  in  the  male.  Tegmina  except- 
ionally long,  far  surpassing  the  hind 
femora,  not  very  narrow,  sub- equal, 
brownish  test aceous,heavily  flecked 
with  blackish  fuscous,  usually 
through  the  discoidal  area  but 
sometimes  confined  to  the  middle       pig.  119.- AfcMi»op/«^:fp«w 

i>  •  1         1.        1*  o^i  tu«.  tip  of  male  abdomen.  1" 

hne;  wings    ample,    hyahne,    the     inai. 
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veins  mostly  fhscous.  Fore  and  middle  femora  only  a  little 
tttmid  in  the  male ;  hind  femora  testaceo-ferruginous  clouded 
with  fuscous  above,  particularly  in  broad  basal,  pre-median 
and  post-median  patches,  the  geniculatton  mostly  blackish- 
fuscous,  the  lower  genicular  lobe  pallid-testaceous  with  a 
basal  blackish  bar,  the  inferior  surface,  especially  externally, 
flushed  with  roseate;  hind  tibis  bright  red  without,  the 
spines  black  almost  to  the  very  base,  ten  to  eleven,  rarely 
twelve,  in  number  in  the  outer  series. 

Extremity  of  male  abdomen  as  shown  in  Fig.  119. 

Length  of  body,  male,  25  mm.,  female,  28  mm.;  antennae, 
male,  9  mm.,  female,  8.75  mm.;  tegmina,  male,  25.5  mm., 
female,  27.5  mm. ;  hind  femora,  male  and  female,  14  mm. 

This  is  the  well  known  "Rocky-Mountain  Locust" 
or  "  Destructive  Locust."  The  insect  is  not  native  in  our 
state,  but  belongs  to  dry  foot-hills  on  the  eastern  slop)e  of 
the  Rocky  Mountains.  Many  sad  experiences  have  shown 
that  this  insect  can  readily  reach  our  state,  however;  and 
cause  untold  losses,  even  driving  the  farmers  away  from 
th^ir  homes.  The  life-history  of  this  insect  has  been  given 
elsewhere,  hence  it  is  not  necessary  to  repeat  it  here. 

Melanoplus  Gladstoni  Bruner. 

Very  dark  testaceous,  much  infuscated,  especially  above. 
Head  not  prominent,  luteo-castaneous,  more  or  less  clouded 
or  blotched  with  fuscous,  above  wholly  fuscous,  with  a  nar- 
row, posteriorly  broadening,  testaceous  stripe,  following 
the  posterior  edge  of  the  eye  and  separating  the  vertex  from 
a  piceous  or  blackish-fuscous  post-ocular  band ;  vertex  gently 
tumid,  very  slightly  elevated  above  the  pronotum;  fastigiuiii 
steeply  declivent,  broadly  sulcate  throughout ;  frontal  costa 
rather  prominent ;  eyes  moderately  large,  not  very  promi- 
nent. Pronotum  subequal,  feebly  enlarging  on  the  meta- 
sona,  ferrugineo-testaceous,  much  infuscated  on  the  disk,  the 
lateral  lobes  with  a  broad,  more  or  less  distinct,  dark,  some- 
times piceous  band  crossing  the  prozona  above ;  disk  nearly 
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plane,  passing  by  a,  tolerably  distinct  bnt  rounded  angle 

in  to  the  anteriorly  slightly  tumid  vertical 
lateral  lobes ;  median  carina  slight,  per- 
current,  somewhat  feebler  and  blunter 
on  the  prozona  than  on  the  metazona. 
Prosternal  ispine  rather  s^out,  moder- 
ately long,  appressed  conical,  blunt, 
feebly  retrorse.  Tegmina  reaching  and 
Fis.  1 20.— Afwanop/ua    somctimcs  3.  little  surpassinfif  the  tips  of 

GUdntonU  tip   of  male         ,         ,  .     ,     r  * 

abdomen.  Original.  the  hmd  fcmora,  moderately  slender, 
distinctly  tapering,  brownish-fuscous,  distinctly  but  not  con- 
spicuously maculate  in  the  discoidal  area;  wings  hyaline, 
with  mostly  brownish-fuscous  v.eins.  Fore  femora  of  male 
not  greatly  tumid;  hind  femora  flavo-testaceous,  twice 
broadly  and  very  obliquely  banded  with  blackish  fuscous, 
with  a  basal  patch  of  the  same,  all  sometimes  conflutot  on 
the  outer  face,  which  it  then  nearly  fills,  the  lower  face  and 
lower  half  of  the  inner  face  immaculate,  the  genicular  arc 
black ;  hind  tibiae  faintly  valgate,  red  ,with  an  inconspicuous 
fuscous  patellar  spot,  the  spines  black  except  their  pallid 
bases,  ten  to  twelve,  usually  eleven,  in  number  in  outer  series. 

Extremity  of  male  abdomen  as  shown  in  Fig.  120. 

Length  of  body,  male,  20  mm., female,  23  mm.;  antennae, 
male  and  female,  9  mm. ;  tegmina,  male  and  female,  16  mm. ; 
hind  femora,  male,  12  mm.,  female,  13.25  mm. 

A  number  of  these  locusts  were  captured  in  October  in 
the  western  part  of  the  state  (Brown's  Valley);  they  vary 
from  typical  specimens  by  possessing  red  tibiae. 

Melanopltts  iemur-rubrum  DeGeer. 

COMMON  RED- LBGGBI>  LOCUST. 

Of  medium  size,  brownish-fuscous,  often  with  a  more  or 
less  feeble  ferruginous  tinge,  particularly  in  the  femcde.  Head 
a  little  prominent,  olivaceo-plumbeous,  above  much  infus- 
cated,  especially  in  a  pair  of  widening  stripes  behind  the  lat- 
eral margins  of  the  fastigium,  and  with  a  piceous  post-ocular 
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stripe;  fastigium  strongly  declivent,  more  or  less  sulcate; 
frontal  costa  jnst  failing  to  reach  tbe  clypeus,  subequal,  as 
broad  as  the  interspace  between  the  eyes,  sulcate  at  and  be- 
low the  ocellus,  bi-seriately  punctate  above;  eyes  moderately 
prominent  in  the  male,  not  at  all  so  in  the  female.  Prono- 
tum  feebly  and  rather  regularly  expanding  posteriorly,  the 
disk  faintly  convex  and  passing  by  a  well-rounded  shoulder 


Pig.  l3S.—MelaaoplaM  tcmui-rabrum.femmh.    OriKio'l- 

into  the  anteriorly  tumid  vertical  lateral  lobes,  the  disk  gen- 
erally darker  than  the  lower  portion  of  the  lateral  lobes, 
sometimes  irregularly  marked  with  luteous,  the  upper/part 
of  the  lateral  lobes  crossed  by  a  broad  piceous  band  on  the 
prozona,  the  lower  portion  more  or  less  closely  copying'the 
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coloring  of  the  face  but  usually  a  little  darker;  median 
carina  slight,  percurrent,  a  little  less  distinct  on  the  prozona 
than  on  the  metazona.  Prosternal  spine  rather  large,  ap- 
pressed-cylindrical,  very  blunt,  often  mesially  constricted  a 
little,  feebly  retrorse.  Tegmina  almost  invariably  surpassing, 
sometimes  but  slightly,  more  often  considerably,  the  hind 
femora,  of  moderate  breadth,  distinctly  though  very  gradu- 
ally tapering,  browish  fuscous,  sometimes  immaculate,  some- 
times sprinkled  with  fuscous  dots  of  greater  or  less  depth  and 
distinctness  throughout  the  greater  part  of  the  discoid  al  area, 
but  rarely  to  any  considerable  extent  or  conspicuousness 
beyond  the  middle ;  wings  moderately  broad,  hyaline,  glisten- 
ing with  fuscous  veins  and  cross-veins  darkest  apically  and 
anteriorly.  Thoracic  pleura  piceous  or  blackish  fuscous,  the 
metathoracic  episterna  with  a  mesial  streak  of  flavous  of 
greater  or  less  clarity.  Fore  and  middle  femora  distinctly 
but  not  greatly  tumid  in  the  male ;  hind  femora  olivaceo- 
testaceous,  more  or  less  heavily  and  very  variably  obscured 
or  clouded  with  fuscous,  the  fuscous  coloring  generally  con- 
fined to  the  upper  half,  and  above  generally  concentrated  in 
two  fasciae,  which  sometimes  extend  partly  in  an  oblique 
direction  on  the  outer  face,  but  generally  in  a  very  obscure 

fashion,  if  at  all,  while  the  whole 
under  surface  and  at  least  the  basal 
half  of  the  inner  surface  is  more  or 

less  impure  flavous,  sometimes 
deepening,  especially  beneath,  to 
ferruginous  or  even  carmine; 
hind  tibise  normally  red,  sometimes 

Pig.  121.— Afe/a nop /u«  femur-         .   ^  i»    i  .    r  ^    ti 

ruhram,  tip  of  male  abdomen.    With  a  Slight  tUSCOUS  patellar  Spot, 

occasionally  more  or  less  tinged 
with  yellowish,  very  rarely  pale  green  with  a  yellowish 
tinge,  the  spines  black  nearly  to  their  base,  ten  to  thirteen, 
usually  eleven,  in  number  in  the  outer  series. 

Extremity  of  male  abdomen  as  shown  in  Fig.  121. 

Length  of  body,  male,  23.5  mm.,  female,  24.5  mm. ;  an- 
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tennse,  male,  10  mm.,  female,  8.5  mm.;  tegmina,  male,  21.5 
mm.,  female,  19.75  mm.;  hind  femora,  male,  13  mm.,  fe- 
male, 14.25  mm. 

This  is  our  most  common  locnst,  found  everywhere,  and 
usually  in  very  large  numbers.  If  favored  by  dry  summers 
this  insect  becomes  very  destructive,  in  fact  it  is  controlled 
greatly  by  climatic  conditions  and  parasites.  It  prefers  low 
ground,  cultivated  fields  and  places  abounding  in  rank  and 
tender  vegetation.  This  is  the  reason  why  dry  hillsides  are 
free  of  its  presence,  while  lower  meadows  near  by  may  be 
swarming  with  multitudes.  The  female  is  illustrated  in 
Fig.  122. 

Melanoplusi  angnstif^ennis  Dodge. 

Of  medium  size,  dark  fuscous,  head  prominent,  plumbeo- 
or  ferrugineo-testaceous,  often  mottled  with  fuscous,  above 
much  infuscated,  except  at  the  margin  of  the  eyes,  and  with 
a  post-ocular  piceous  band;  vertex  gently  tumid,  slightly  ex- 
cavated above  the  pronotum ;  fastigium  strongly  declivent, 
distinctly  (male)  or  feebly  (female)  sulcate  throughout; 
frontal  costa  equal,  percurrent,  as  broad  as  the  interspace 
between  the  eyes,  faintly  sulcate  at  and  below  the  ocellus, 
biseriately  punctate ;  ^yes  moderately  large  and  prominent. 
Pronotum  dark  fuscous,  lighter  on  the  lateral  lobes,  with  a 
sub-luteous  median  streak,  bordering  a  broad  postocular 
piceous  band  on  the  prozona;  disk  feebly  enlarging  poste- 
riorly, very  broadly  convex,  passing  into  the  vertical  lateral 
lobes  by  a  roundly  angulated  shoulder,  forming  tolerably 
distinct  lateral  carinas  on  the  posteriorhalf  of  the  pronotum; 
median  carina  distinct  on  the  metazona,  obsolete  (male)  or 
sub-obsolete  (female)  on  the  prozona.  Prosternal  spine  not 
very  long,  erect,  conico-cylindrical,  blunt.  Tegmina  reach- 
ing or  slightly  surpassing  the  tips  of  the  hind  femora, 
slender,  tapering,  brownish-fuscous,  immaculate  or  with 
very  obscure  and  feeble  maculations  along  the  middle  line. 
Fore  and  middle  femora  distinctly  but  not  greatly  tumid 
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in  the  male;   hind   femora   oliyaceo-luteous,  more   or  less 

infumated    or    infuscated    excepting 

below,    the  inner   half  of  the  upper 

face  feebl}'   bifasciate   with  fuscons, 

and  the  geniculatious  more   or  less 

infuscated ;    hind  tibis  glaucous,  ap- 

ically   growing  feebly  lutescent,    the 

spines  black  apically,  pallid  basally,     ^^  x23.^Meianopiua  «.- 

nine  to  twelve  in  number  in  the  outer  ??|i!''ori|ini?.°^"*^"^^'^ 

series. 

Extremity  of  male  abdomen  as  shown  in  Fig.  123. 

Length  of  body,  male,  20  mm.,  female,  22.5  mm. ;  an- 
tennae, male,  10  inm.,  female,  8.75  mm.;  tegmina,  male,  16 
mm.,  female,  16.5  mm. ;  hind  femora,  male,  11.5  mm.,  female^ 
13  mm. 

A  few  specimens  of  this  species  have  been  found  in  Min* 
nesota.  It  seems  to  be  uncommon,  at  least  in  regions  visited 
by  the  writer. 

Melanoplus  impiger  Scudder. 

Of  moderately  large  size,  above  rather  light  brownish 
fuscous  with  a  ferruginous  tinge,  below  luteo-testaceous. 
Head  slightly  prominent,  dull  luteo-testaceous,  often  punc- 
tate with  olivaceous,  with  a  post-ocular  piceous  band,  and 
above  much  mottled  or  marmorate  with  fuscous;  vertex 
gently  tumid,  considerably  elevated  above  the  leyel  of  the 
pronotum;  fastigium  steeply  declivent,  shallowly  and 
broadly  sulcate ;  frontal  costa  percurrent  (male)  or  scarcely 
percurrent  (female),  leebly  contracted  above  but  otherwise 
sub-equal,  as  broad  as  the  interspace  between  the  eyes,  punc- 
tate throughout;  eyes  rather  large,  not  very  prominent. 
Pronotum  subequal,  feebly  enlarging  posteriorly,  with  avery 
broad  post-ocular  piceous  band,  occasionally  maculate,  espe- 
cially in  the  female,  rarely  surpassing  the  prozona  and 
broadening  and  decidedly  weakening  on  the  metazona:  disk 
very  broadly  convex,  passing  by  a  blunt  shoulder  nowhere 
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forming  distinct  lateral  carinse,  into  the  vertical,  anteriorly 
feebly  tumid,  lateral  lobes;  median  carina  distinct  on  the 


Fig.  1 25.— Me/Boop/ui  impigcr.  remsle.    OriBloBl. 

metazona,  gub-obsolete  on  the  prozona,  sometimes  wholly 
obsolete  between  the  sulci,  Prosternal  spine  conical,  bluntly 
pointed  (male)  or  appressed-cylindrical,  very  blunt  (female), 
moderately  long,  erect.  Tegmina  surpassing  considerably 
the  hind  femora,  of  normal  breadth,  feebly  tapering,  brownish 
fuscous,  usually  with  very  distinct  and  prominent  maculation 
of  quadrate  blackish  spots,  interrupting  a  median  luteousor 
pallid  strtpeonthe  basal  half,  becoming  a  sprinkling  of  black- 
ish dots  beyond,  sometimes  found  also  more  or  less  obscurely 
in  the  other  areas.  Fore  and  middle  legs  only  a  little  tomid 
in  the  male,  luteo-testaceous  flecked  with  fuscous;  hind  fem- 
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ora  lateo-testaceous,  twice  barred  above  with  blackish  fus- 
cous besides  a  basal  spot,  and  more  or  less  deeply  infuscated 
gentculation,  the  bars  liable  on  the  middle  of  the  outer  face 
to  fuse  more  or  leas  completely  into  a  median  stripe,  which 


F<x.  12*.— Melaaoplat  Impletr,  mate.    Orisliial. 

sometimes  suffuses  the  whole  face;  lower  face  sometimes 
feebly  roseate;  hind  tibice  glaucous,  occasionally  feebly  in- 
fuscated,  the  base  and  tip  feebly  lutes- 
cent,  with  a  narrow  post-basal  fusco- 
glaucous  annulus,  the  spines  rather 
short,  black  beyond  their  pallid  bases, 
ten  to  eleven  in  number  in  the  outer 
FiK.  isa^ttaaopiaa   8C"e9-    Both  scxes  are  shown  in  Figs. 

Implger.tip  of  male  ab-      1  n  j   „.»J  -10c 

dorafo.  oHkiiiai.  124  and  125. 

Extremity  of  male  abdomen  as  shown  in  Fig.  126. 

Length  of  body,  male,  26.5  mm.,  female,  27  mm.;  an- 
tennee,  male,  11  mm.,  female,  10.5  mm.;  tegmina,  male,  22 
mm.,  female,  21  mm. ;  hind  femora,  male,  15.5  mm.,  female, 
16  mm. 

This  insect  has  only  been  found  upon  Gray  Cloud  Island- 
It  was  mature  as  early  as  July  4,  and  proved  quite  destruct. 
ive  to  garden  plants. 

Melanoplus  minor  Scudder. 

Of  medium  size,  dark  brownish-fuscous,  often  with  a  fer- 
ruginous tinge,  especially  on  the  disk  of  the  pronotum,  lut- 
eous  beneath.    Head  very  feebly  prominent,  testaceous,  ob- 
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scnrely  mottled  with  fuscous  at  least  above,  where  there  is 
geaerallj  a  broad  median  blackish  stripe  and  a  post-ocular 
piceous  bocnd ;  vertex  gently  tumid,  scarcely  elevated  above 
the  pronotum;  fastigimn  steeply  declivent,  narrow,  equal, 
deeply  (male)  or  shallowly  (female)  sulcate,  the  lateral  mar- 
gins sharp ;  frontal  costa  percurrent;  e^'es  moderately  large, 
a  little  prominent.  Pronotum  short,  distinctly  but  not 
greatly  expanding  on  the  metazona,the  post-ocular  stripe  of 
the  lateral  lobes  extending  over  the  prozona,  broader  and 
more  distinct  than  on  the  head,  the  disk  very  broadly  con- 
vex, passing  into  the  sub- vertical  lateral  lobes  by  a  distinct 
but  always  rounded  shoulder  nowhere  forming  lateral  car- 
inas; median  carina  slight,  scarcely  less  distinct  on  the  pro- 
zona than  on  themetazona,  cut  only  by  the  principal  sulcus. 
Prostemal  spine  not  very  long,  conico-cylindrical,  more  or 
less  appressed,  sub-erect.  Tegmina  reaching  about  to  the 
tips  of  the  hind  femora,  sometimes  a  little  short  of,  some- 
times surpassing  them,  rather  slender  and 
sub-equal,  brownish  fuscous,  more  or  less 
distinctly  but  never  heavily  maculate  with 
fuscous  along  the  discoidal  area.  Fore 
and  middle  femora  a  little  tumid  in  the 
male;  hind  femora  luteo-testaceous,  out-     „.     ^„^     „  . 

'  Pig.    127. — Mclano- 

side  (excepting  below)  more  or  less  deeply  £5domcn*"^'oi?  Tna?*** 
infuscated,  the  infuscation  sometimes  con- 
sisting of  more  or  less  well  marked,  very  oblique,  dusky  fascia- 
tions,  which  also  cross  the  upper  face,  the  lower  face  gener- 
ally dull  orange;  hind  tibiae  very  variable  but  generally 
nearly  uniform  in  color,  pale  red^or  glaucous  being  the  pre- 
vailing color,  but  they  are  sometimes  plumbeous  or  yellow- 
ish; spines  black  tipped,  ten  to  twelve,  usually  eleven,  in 
number  in  the  outer  series. 

Extremity  of  male  abdomen  as  shown  in  Fig.  127. 

Length  of  body,  male.  19  mm.,  female,  24  mm. ;  antennas, 
male  8  mm.,  female,  9  mm. ;  tegmina,  male,  14  mm.,  female, 
16.5  mm.;  hind  femora,  male,  11.25  mm.,  female,  13  mm. 
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A  number  of  this  species  occurred  with  spretus  during 
the  local  outbreak  of  the  Rocky-Mountain  Locust  in  Otter 
Tail  county  in  1889. 

Melanoplus  luridus  Dodge. 

Rather  small  in  size,  brownish  fuscous,  more  or  less  fer- 
ruginous. Head  not  at  all  prominent,  dull  pallid  testaceous, 
feebly  flecked  with  fuscous,  above  with  widening  dull  fus- 
cous  stripes  and  a  narrow  post-ocular  band ;  vertex  gently 
tumid,  slightly  or  not  at  all  elevated  above  the  pronotum ;  fas- 
tigium  steeply  declivent,  plane,  with  well  elevated  and  round- 
ed lateral  margins ;  frontal  costa  just  failing  to  reach  the  cly^ 
pens,  subequal,  sulcate  at  and  below  the  ocellus,  biseriately 


Fig.  128  —Melanoplas  IvHduBt  male.    Oiifi^nal. 

punctate  above ;  eyes  of  moderate  size,  not  prominent.  Pro- 
notum sub-equal,  feebly  and  gradually  enlarging  posteriorly, 
the  disk  nearly  plane,  passing  by  distinct  but  abruptly 
rounded  shoulders  forming  sub-obsolete  lateral  caritise  into 
the  vertical  lateral  lobes,  which  have  only  an  obscure,  rarely 
a  distinct,  dark  post-ocular  band,  always  limited  to  the  pro- 
zona;  median  carina  percurrent  but  blunt  and  a  little  ob- 
scure on  the  prozona.  Prosternal  spine  short,  conical,  blunt, 
erect,  in  the  female  a  little  appressed.  Tegmina  reaching  or 
a  little  surpassing  the  tips  of  the  hind  femora,  moderatly 
narrow,  very  gently  tapering,  brownish-fuscous,  either 
scarcely  or  distinctly  though  feebly  maculate  in  the  proxi- 
mal part  of  the  discoidal  area.  Fore  and  middle  femora 
tumescent   in   the   male;    hind   femora   long    and  slender, 
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luteo-testaceous,  above  rather  broadly  bi-fasciate  with  black* 

ish  fuscous,  often  confluent  along  the 
middle  of  the  outer  face  and  then 
more  or  less  suflfusing  the  whole  face 
excepting  below,  which  with  the 
under  surface  is  dull  luteous,  occasion- 
ally   tinged   more   or  less  distinctly 

ryd2f;tiror^|{J\"&'omen;  with  otangc,  the  sides  of  the  geni- 
Original.  culation  almost  wholly  fuscous;  hind 

tibiae  red,  rarely  with  a  very  narrow,  basal,  fuscous  annu- 
lus,  the  apical  half  of  the  spines  black,  ten  to  twelve  in  num- 
ber in  the  outer   series.     Extremity  of  male  abdomen  as 

shown  in  Fig.  129. 

Length  of  body,  male,  19  mm.,  female,  27  mm. ;  antennae, 

male,  8.5  mm.,  female,  9.5  mm. ;  tegmina;  male,  14  mm.,  fe- 
male, 17  mm.;  hind  femora,  male,  10.75  mm.,  female, 
13.5  mm. 

Many  specimens  were  captured  near  the  Experiment  Sta- 
tion at  St.  Anthony  Park;  a  male  is  shown  in  Fig.  128. 

Melanoplu^  differentialis  Uhler. 
The  largest  of  our  species  of  Melanopli  and  heavy  bodied; 
excepting  the  hind  legs  and  the  lateral  lobes  of  the  pronotum, 
the  general  color  is  nearly  uniform,  brownish  testaceous.  The 
head  has  sometimes  a  pair  of  dusky,  divergent  stripes,  passing 
from  the  posterior  corners  of  the  fastigium  backward  across 
the  vertex  and,  when  these  are  present,  there  are  often  other 
but  irregular  streaks  of  similar  tint  on  the  gense  and  clouds 

over  parts  of  the  face;  the  vertex  is 
gently  arched,  more  gently  in  the 
female  than  in  the  male,  with  a 
broad  interval  between  the  eyes, 
the  fastigium  broadly  and  not  very 
deeply  impressed;  frontal  costa 
broad  but  narrower  than  the  in- 
Piff.  1  BO.— A/e/a/iop/w«  dic-      tcrspacc  bctwccn  the  eyes,  percur- 

fereiitialht  tip  of  male  abdo-  ,  ,     ^  i*    i  . 

men.   Original.  rcut,  cqual  cxccpt  for  a  slight  ex- 
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paasion  below,  broadly  and  shallowly  sulcate  "below  the 
ocellus,  punctate;  eyes  moderately  prominent,  short,  not  a 
great  deal  longer  than  broad.  Pronotum  sab-equal,  the 
metazona  expanding  somewhat,  the  disk  of  the  prozona 
sometimes  very  feebly  tamid,  the  median  carina  distinct  and 
sharp  on  the  metazona,  less  prominent  but  distinct  on  ante- 
rior hali  of  the  prozona,  stiil  less  distinct  between  the  sulci. 
Prostemal  spine  rather  long,  conical  as  seen  from  the  side, 
bluntly  cylindrical  as  seen  from  the  front,  a  very  little  re- 
trorse.  Tegmina  at  least  reaching  (female)  or  distinctly 
surpassing  (male)  the  hind  femora,  absolutely  free  from 
maculation,  the  narrowest  apical   portion  about  half  as 


mg.  lSl.—Afc/anoprn*iHint«iillarii,  tUale.    OrJKlBBl- 

broad  as  the  broadest  sub-basal  portion.  Fore  and  middle 
femora  of  male  heavily  bnllate,  the  hind  femora  stout  and 
rather  short,  moderately  tumid,  generally  fulvo-testaceoas, 
sometimes  flavo-testaceous  beneath,  the  outer  face  with  al- 
ternate, fulvo-testaceoas  and  black,  narrow,  equal  fish-bone 
markings,  the  black  rarely  interrupted  in  the  middle,  the 
upper  inner  face  with  small  basal  and  large  median  and 
post-median  black  patches,  the  genicular  arc  black  on  both 
inner  and  outer  sides;  hind  tibis  yellow  or  fulvous,  with  a 
post-basal  narrow  black  annulus,  the  spines  black  to  their 
very  base,  ten  to  eleven,  rarely  twelve,  in  number  in 
the  outerserics.  Extremity  of  male  abdomen  as  shown  in' 
Fig.  130,  and  the  sexes  in  Figs.  131  and  132. 

Length  of  body,  male,  39  mm.,  lemale,  41  mm.;  anten- 
me,  male,  18  mm.,  female,  16  mm.;  tegmina,  male,  32 
mm.,'  female,  34.5  mra. ;  hind  femora,  male,  20  mm.,  female, 
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23  mm.    Some  specimens  are  much 
smaller. 

This  locust  is  but  rarely  found 
in  Minnesota;  if  found  it  is  oalj  of 
local  occurrence. 

Melaaoplas  hivtttatas  Say. 

Varying  in  general  ground- 
color from  fusco-testaceons  to  very 
dark    brownish    fopcous,    striped 
with    fulvo-  or  pallid-testaceous. 
Head  flavo-testaceoas,  more  or  less 
infuscated,    the    summit    with    a 
broad,    median,    widening,  black- 
ish-fuscous stripe,    which  extends 
backward    from    the  front  of  the 
fastigium     but     avoids     the   eye; 
vertex  gently  tumid,  the  fastigium 
broadly,    equally   and    very  shal- 
lowly  sulcate;  frontal  costa  broad, 
sub-equal,  with  roundish  margins, 
feebly  sulcate  at   and    below    the 
ocellus,  feebly  punctate  laterally.  «rtjMi.<,  fmuie.  ori^ai. 
Fronotum    enlarging  a   little  from  in    front    backward, 
more  feebly  in  the  male  than  in  the  female;  the. median 
carina  slight  but  distinct  throughout.    Tegmina  attaining, 
or  a  little  surpassing  the  hind  femora,  generally  longer  in  the 
male  than  in  the  female,  brownish  or  blackish  fuscous,  the 
anal  rein  marked  by  a  slender  flavoas  stripe,  the  discoidal 
area  not  darker  than  the  rest,  generally  almost  clear  bnt 
firequently  with  faint  and  delicate  mottling.    Fore  and  mid- 
'die  femoraferruginous,  more  or  less  heavily  infuscated  above; 
hind  femora  rather  long  and  moderately  stout,  ferrogineo- 
testaceous,  the  outer  and  generally  the  inner  faces  black 
above,  flavo-testaceous  below,  the  inner  half  of  the  upper 
face  thrice  very  broadly  banded  with  black,  the  genicular 
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Fix.  lS3.—UtUaoplai  blHttmta;  female.     Orfxliial. 

arc  and  a  basal  transverse  stripe  across  the  lower  genicular 
lobe  black  on  botb  sides ;  bind  tibiie  passing  more  or  less 
gradaally,  at  varying  points  but  generally  near  the  middle, 
from  purplish  at  the  base  to  greenish  yellow  (very  rarely  red 


Pis.  1S4.— We/aDOp/ui  tdrlttatat,  ttmatt.    Orislti&l. 
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or  reddish)  at  the  tip,  the  patella  of  the  lighten  color,  fol- 
lowed in  tighter  examples  by  a  narrow  black  anoulus,  the 
spines  black  almost  or  quite  to  their  base,  ten  to  thirteen  in 
number  in  the  outer  series.  The  adnlt  insect  and  the  pupa 
is  shown  in  Figs.  133,  134  and  135. 

Length  of  body,  male,  27  mm.,  female,  37  mm.;  antennte, 
male,  14.75  mm.,  female,  13  mm. ;  tegmina,  male,  20.5  mm., 
female,  26.5  mm. ;  hind  femora,  male,  15  mm.,  female,  SOmm, 

This  is  a  very  common  and  destructive  species.  It  is 
found  in  all  parts  of  the  state,  preferring  bottom  lands, 
edges  of  cultivated  fields  and  other  places  with  a  rank  vege- 
tation. It  sometimes  becomes  very  numerous,  and  spreads 
over  cultivated  fields,  where  it  causes  great  damage,  feeding 
upon  grasses  and  grains.  Though  appearing  in  the  winged 
state  as  early  as  the  tenth  of  July,  it  deposits  no  eggs  until 
late  in  August.    Any  rompact  soil,  free  of  roots,  and  well 


Prg.  13S.— Afe/aooplaa  b/rittstaa,  papa.    OriglnBl 

drained,  is  chosen  for  this  purpose.  As  many  as  eighty  eggs 
have  been  counted  in  a  single  egg-pod,  though  the  usual 
number  varies  from  54  to  70.  The  illustrations  shown  in 
the  chapter  giving  the  anatomical  features  of  a  locust  were 
made  from  this  species. 

Melanopius  puactalatas  Uhler. 
Dark  brownish-fuscous  much  mottled  with  blackish  and 
often  tinged  with  dull  olivaceous^  beneath  ferrugineo-tcsta- 
ceous.  Headvaryingfrom  paledull  olivaceous  to ferrugineo- 
testaceous,  irregularly  mottled  with  widening  median  stripe 
of  the  same  upon  the  summit;  vertex  tumid;  fastiginm  rap- 
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idly  declivent,  sulcate  throughout,  the  margins  tnu^h  raised 
between  this  ejes,  which  are  separated  by  a  space  leas  thap 
the  width  of  the  frontal  costa ;  the  latter  prominent  above, 
moderate  in  breadth,  sub-equal,  sulcate  below  the  ocellu^, 
sparsely  punctate  throughout,  each  point  marked  by  a  dark 
olivaceous  dot ;  eyes  large  and  in  the  mak  very-prominent, 
,in  both  seizes  much  longer  than  the  infra-ocular  portion  oi 
rthe  gense.  Pronotum  sub-equal,  widening  a  little  at  the 
metazona  in  the  female,  slightly  flaring  in  front  to  receive 
the  head,  especially  in  the  male,  varying  from  luteo-testa- 
ceous  to  brownish  fuscous,  oftei)  much  flecked  an<^  punctate 
,with  black  or  blackish  fuscous,  the  lateral  lobes  more  heavily 
marked  above  with  black  on  the  prozona,  forming  generally 
a  broken  or  maculate  band.  Tegmina  some  what  surpassing 
the  hind  femora,  very  gradually  tapering  to  a  well-rounded 
apex,  fusco-testaceous,  sprinkled  with  moderately  large 
roundish  or  quadrate  fuscous  spots.  Pore  and  .middle  fem- 
ora luteo-  or  olivaceo-testaceous,  heavily  flecked  with  black, 
showinga  tendency  to  form  a  triple  belting;  hind  femora 
similar,  the  black  forming  moderately  narrow  basal,  pre- 
median,  post-median  and  apical  belts,  which  do  not  touch 

the  coralline  under  and  inner  surfaces,  ex- 
cept the  latter  in  a  partial  way ;  hind  tibiae 
dull  red,  with  a  post-basal  obscure  flavous 
annulus,  before  which  they  are  sometimes 
blackened,  and  beyond  which,  above  and 
on  the  sides,  often  flecked  or  suflfused  with 
Piff  136.— Afe/aifo-  pli^mbco-fuscous,  the  Serial  space  between 
mlU^l^Skcn^' o?ig- ^^^  spines  often  dull  luteous,  the  whole 
*°*^*  pilose;  spines  black  nearly  or  quite  to  their 

]  base,  except  on  the  inner  side,  ten  to  twelve  in  number  in  the 
outer  series,  none  arising  very  near  the  base  of  the  tibiae. 
Extremity  of  the  male  abdomen  ais  shown  in  Fig.  136. 

Length ofbody, male, 21  mm.,  female, 28  mm.;  antennae^ 
male,  14.5  mm.,  female,  12  mm. ;  tegmina,  male,  17  mm.,  fe- 
male, 18.5  mm.;  hind  femora,  male,  10.5  mm.,  fismale, 
12  mm.  - 
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Only  a  single  specimen  was  found  among  the  trees  on 
Gray  Cloud  Island.  The  insect  seems  to  be  quite  local.  It 
has  been  found  elsewhere  in  tamarack  swamps,  on  pine  and 
oak  trees,  and  in  cranberry  bogs. 

Melanoplus  fasciatas  (borealis  Scud.).* 

Rather  small,  dark  fusco-plumbeous  above,  dark  clay 
yellow  below.  Head  not  prominent,  dull  plumbeous,  flecked 
with  griseous,  above  very  dark  fuscous  with  a  broad  post- 
ocular  piceous  band;  vertex  moderately  tumid,  distinctly 
elevated  above  the  pronotum,  the  interspace  between  the 
eyes  as  broad  (male)  or  nearly  half  as  broad  again  (female) 
as  the  basal  antennal  joint ;  fastigium  strongly  declivent, 
shallowly  depressed,  but  with  distinct  and  somewhat  abrupt 
though  rounded  bounding  walls,  which  diverge  a  very  little 
in  front  of  tbeeyes  and  then  converge ;  frontal costa  as  broad 
as  the  interspace  between  the  eyes,  scarcely  contracted  above 
where  its  face  is  plain  (male)  or  feebly  tumid  (female),  at 
and  below  the  ocellus  rather  narrowly  sulcate,  deeper  in  the 
male  than  in  the  female,  percurrent,  punctate,  eyes  rather 
small,  not  prominent,  longer  than  the  infra-ocular  portion 
of  the  genae ;  antennas  ferruginous^  growing  lutescent  toward 
the  base,  dusky  toward  the  tip,  nearly  or  quite  as  long 
(male)  or  about  two-thirds  as  long  (female)  as  the  hind  fem- 
ora. Pronotum  sub-equal,  feeblj"  expanding  posteriorly, 
especially  in  the  female,  the  disk  plano-convex,  separated 
by  a  well-rounded  but  distinct  shoulder  from  the  vertical 
lateral  lobes,  brownish  fuscous,  sometimes  fusco-testaceous, 
and  then  generally  punctate  with  ferruginous,  the  upper 
part  of  the  lateral  lobes  with  a  broad  piceous  band  crossing 
the  prozonaand  sometimes  continued  as  a  feeble  dusky  cloud 
on  the  metazona ;  front  border  truncate,  hind  border  broadly 
obtuse  angulate,  the  angle  rounded ;  median  carina  distinct 
only  on  the  metazona  and  at  the  front  of  the  prozona,  else- 
where obsolete  or  sub-obsolete ;  prozona  feebly  longitudinal 

*DlBCOTcred  since  printinu^  table  of  MelanoplK 
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(male)  or  feebly  transverse  (female),  a  very  little  longer 
than  the  minutely  ragulose  metazona.  Prostemal  spine  short, 
stout,  blunt,  conical,  erect;  interspace  between  mesostemal 
lobes  nearly  half  as  long  again  as  broad  (male)  or  consider* 
ably  transverse  but  shorter  than  the  lobes  (female).  Teg 
mina  either  abbreviated,  being  one  and  a  half  or  two  and  a 
half  times  as  long  as  the  pronotum,  and  not  nearly  reaching 
the  tips  of  the  hind  femora,  tapering  considerably  beyond 
the  basal  expansion,  sub-lanceolate  and  bluntly  sub-acumi- 
nate (form  cartas),  or  far  surpassing  the  hind  femora,  broad 
and  sub-equal,  very  feebly  tapering  in  the  apical  half,  and  well 
rounded  at  tip  (form  volaticas),  wholly  brownish-fuscous,  or 
dnereo-fuscoulB,  occasionally  maculate  to  a  greater  or  less  de- 
gree, but  generally  slightly  in  the  discoidal  area,  the  anal  area 
sometimes  more  cinereous  than  the  rest,  especially  apically ; 
wings  in  both  forms  hyaline,  with  a  scarcely  perceptible  yel- 
lowish tint,  more  or  less  densely  but  always  feebly  infumated 
at  the  tip,  the  veins  and  cross-veins  of  the  apical  half  blackish 
fuscous.  Hind  femora  relatively  longer  in  the  female  than  in 
the  male,  dull  luteo-testaceous,  black  at  apex  and  at  extreme 

base,  and  bifasciate  with  black  or  black- 
ish fuscous  more  or  less  broadly  and 
obliquely,  rarely  transversely,  the  whole 
often  confused  and  more  or  less  blended 
on  the  outer  face;  beneath  pale  or  dull 
reddish,  hind  tibiae  red,  usually  growing 
paler  toward  the  base  and  sometimes 
Pig.  136H-— Ar«/«oo-  almost  wholly  pale  greenish  luteous, 
m^eabdomcflu brii^nai.  feebly  reddening  apically,  the  base  gen- 
erally pale  or  at  least  paler,  with  a  small  fuscous  patellar 
spot,  the  spines  black  except  at  extreme  base,  nine  to  twelve, 
generally  eleven,  in  number  in  the  outer  series. 

Extremity  of  male  abdomen  illustrated  in  Fig.  136%. 
Only  the  short-winged  form  has  been  found  in  St.  An- 
thony Park. 

Measurement. — Length  of  body,  male,  18.5  mm.,  female, 
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22  mm.;'atiteiitifie,  male,  10  mm.,  female,  8  mtb.;  tegmioa, 
male,  10  min.,  female,  9.75  mm. ;  hind  femoi'a,  male,  10  mm:, 
female,  11.75  mm. 


I    I 


GENUS  Pbcetaliotes*  Scudder. 

Body  elongate,  rather  slender,  a  little  compressed,  very 
feebly  pilose^  induditig  faintly  the  tegmina  and  legs.  Head 
large,  full,  prominent,  relatively  elongate,  nearly  half  as  long 
again  as  the  prozona,  the  space  behind  the  eyes  fully  half  as 
long  as  the  breadth  of  the  eyes,  the  gense  a  little  tumescent, 
the  head  apart  from  the  eyes  slightly  broader  than  the  pro- 
notum ;  vertex  promitient  and  well  arched  both  longitudi- 
ally  and  transversly;  face  a  little  oblique;  eyes  rounded, 
broad  oval,  moderately  prominent,  sub-truncate  anteriorly, 
moderately  distant,  somewhat  farther  apart  than  the  great- 
est width  of  the  frontal  costa;  fastigium  very  faintly  sul- 
icate,  almost  plane ;  frontal  costa  prominent,  markedly  nar- 
rower above  than  below  the  ocellus;  antennae  slender, 
moderately  long,  but  shorter  than  the  hind  femora,  though 
fully  twice  as  long  asthe  pronotum .  Pronotnm  of  moderate 
length,  faintly  sub-seUate  but  otherwise  equal,  feebly  flaring 
in  front  to  receive  the  head;  disk  rounded  sub^tectate,  with 
broadly  rounded  very  indistinct  lateral  carinas,  and  a  sharp, 
equal,  and  percnrrent  median  carina;  ptozona  longitudinal, 
nearly  half  as  long  again  as  the  metazona,  with  indistinct 
transverse  sulci;  front  margin  sub-truncate, hind  margin  ex- 
tremely obtuse-angulate.  Prosterual  spine  rather  large, 
,erect,  conical,  blunt.  Tegmina  either  abbreviate,  broad 
lanceolate,  acuminate,  attingent,  slightly  longer  than  the 
pronotum,  or  fully  developed,  surpassing  the  hind  femora* 
.rather  broad  and  equal,  well  rounded  at  tip,  hardly  tapering 
in  the  distal  half.  Hind  femora  long  and  slender,  hind  tibiae 
glaucous,  with  eleven  to  thirteen  spines  in  the  outer  series. 
Al^dbmeh  compressed,  recurved  in  the  male,  the  sub-genital 
plate  narrow  and  long,  with  lateral  margins  ampliate  at 

•a  rbamcr.'  •  •         . 
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base;  Aircala  delicatelj  developed;  cerci 
compressed  st^Hfortn,  rather  small;  ovi- 
positor of  temale  normally  excerted. 

Tbis  genus  is  closely  allied  to  Me7«ii- 
oplas,  from  which  it  differs  by  its  large 
tumid  head  and  sub-seltate  equal  pro- 
no  turn. 

Phcetaliotes  nebrascensis  volacris 

Scudder. 

This  is  the  short  winged  form,  the 

only  one  found  thus  far  in  Minnesota. 

Fusco-testaceou9,flavous beneath.  Head 

Pig.   137.— PAtBMHo-     flavo-testaceous,  in  fresh  specimens  more 

male.  oti«iBBi.  or    Icss    fusco-oUvaccous,   much  infus- 

cated  above,  with  a  broad  piceous  post-ocular  band,  and 

often  with  a  pair  of  divergent  fuscous  or  ferrugineous  stripes 

ou  the  summit ;  vertex  very  tumid,  distinctly  elevated  above 

the  level  of  the  pronotum;  eyes  moderately  large,  rather 

prominent.    The  male  of  this  curious  insect  is  shown   in 

Fig.  137. 

Measurements. — Length  of  body,  male,  22  mm.,  female, 
23  mm.;  antenna:,  male,  9.5  mm.,  female,  7  mm.;  tegmina, 
male,  6  mm.,  female,  6.5  mm. ;  hind  femora,  male  and  female, 
11.75  mm. 

FAMILY  VL    Locustidx. 

LONG-HORNBD  GRASSHOPPERS  A.ND   KATYDIDS. 

All  the  members  of  this  family  are  readily  recognized, 
difiering  very  greatly  from  the  true  locusts  or  short-homed 
grasshoppers  {Acndi'dse)  by  their  long  and  slender  antenns, 
which  are  longer  than  the  body.  Frqm  the  next  family,  the 
GrylUdse,  which  possess  also  slender  and  long  antenme,  they 
di£fer  by  the  form  of  their  ovipositor,  which  is  compressed 
and  sword-like.  Locastidw  have  four-jointed  tarsi ;  the 
musical  apparatus  of  the  male,  situated  at  the  base  ol  the 
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wrng-covers,  is  smaller  than  in  crickets ;.  at  rest  the  tegmina, 
excepting  basal  areas,  are  vertical. 

Prof.  Scudder  gives  the  following  sub-families  of  Locust- 

idte,  four  of  which  occnr  in  Minnesota. 

« 

SUB-FAMILIES  OF  LOCUSTID^. 

^  4 

A.    Body  generally  winged,  tarsi  more  or  less  depressed, 
b.    Fore  tibiae  furnished  with  foramina  near  the  base; 
male  tegmina,  when  present,  furnished  with  a  tym- 
panum, 
c.    First  two  joints  of  tarsi  smooth  laterally;  hind 
tibise  with  an  apical  spine  on  each  side. 

Pbaneropterinse. 
cc.    First  two  joints  of  tarsi  longitudinally  sulcate 
laterally;  hind  tibiae  with  an  apical  spine  on 
outer  side  only  or  on  neither, 
d.    Fore  tibiae  without  apical  spines. 

e.  Fastigium  of  vertex  short,  crowded  by  the 
prominent  antennal  scrobes;  pronotum 
crossed  by  two  distinct  transverse  sulci. 

Pseudopbyllines, 

ee.    Fastigium  of  vertex  extended  and  free 

from     the    not    prominent     antennal 

scrobes;  pronotum  without,  or  with 

onlv  one,  transverse  sulcus. 

Conocepbalinse. 
dd.    Fore  tibiae  with  an  apical  spine  on  the  outer 
side.    (Body  generally  sub-apterous). 

Decticime. 
bb.    Fore  tibiae  without  foramina  near  the  base;  male 

tegmina  without  a  tympanum Gryllacrinas. 

AA.    Body  apterous ;  tarsi  distinctly  compressed. 

Stenopelmatinss, 
The   first    sub-family,  Phaneropterinse,  contains    three 
groups  of  insects  found  in  Minnesota. 


i 
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a.    Pore  and  middle   tibue  sulcate  or   plane    above,   but 
acutely  margined,  the  outer  margin  spinulose  or  un- 
armed, 
b.    Pastigium  of  vertex  scarcely  deflexed,  acuminate,  no 

broaderthan  the  first  antennal  joint Scudden'as. 

bb.  Pastigium  of  vertex  deflexed,  obtuse,  much  broader 
than  the  first  antennal  joint ;  metasternum  trun- 
cate or  with  rounded  lobes! Awbljrcorypbse. 

aa.    Pore  and  middle  tibiae  smooth  above,  without  angular 
margin,  generally  unarmed  above;  metasternum  with 

elongated  lobes * Microcentra. 

Prof.  Blatchley  gives  the  following  key  to  genera  ofPban- 
eropterinse : 

a.    Wing-covers  of  equal  breadth  throughout;  supra-anal 
plate  of  male  with  a  long  decurved  spine  which  is 

notched  at  the  end 1.    Scudderia. 

aa.    Wing-covers  widest  in  the  middle ;  supra-anal  plate  of 
male  not  as  above, 
b.    Hind  femora  but  little  if  any  shorter  than  wing- 
covers;  ovipositor  well  developed,  curved  gradu- 
ally upwards 2.    Amblycorypba. 

bb.  Hind  femora  much  shorter  than  the  wing-covers; 
ovipositor  very  short,  turned  abruptly  upwards. 

3.    Microcentrum. 
The  four  species  of  Scadderia  described  in  the  text  arc 
distinguished  as  follows : 
a.    Length  of  posterior  femora  28  or  more  millimeters. 

b.    Notch  of  supra-anal  spine  of  male  square  with  a 
slight  median  tooth,  almost  as  wide  as  the  middle 
of  the  upturned  sub-anal  spine;  the  lateral  pro- 
cesses slender  and  compressed.... curvicai/c/a  DeGeer. 
bb.    Notch  of  supra-anal  spine  of  male  acute  and  much 
narrower  than  the  middle  of  the  upcurved  sub- 
anal  spine ;  the  lateral  processes  (at  side  of  notch) 
broadly  rounded  with  the  lower  margin  thinner. 

furculata  Brunner. 
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aa.    Length  of  posterior  femora  22  or  23  mm. 

fiircata  Brtmncr. 
aaa.    Length  of  posterior  femora  less  than  20  mm. 

angustifolia  Harris. 

GENUS  Scudderia  StAl  (1873). 

Head  oval ;  eyes  ronnd  and  protruding,  vertex  pinched ; 
exLttnnst  longer  than  the  wings,  first  joint  cylindrical,  stout, 
second  joint  smaller,  remaining  joints  hair-like.  Thorax 
longer  than  broad,  narrower  in  front  than  behind ;  lateral 
carinse  sharply  defined.  Wing-covers  shorter  than  the  wings 
and  of  nearly  equal  width  throughout,  apex  rounded.  Hind 
legs  very  long  and  slender.  Male  wi  th  the  anal  pla  tes  provided 
with  two  curved  spines,  the  one  from  the  supra-anal  plate 
curved  downward  and  notched  at  the  end,  and  the  one  from 
the  sub-anal  curving  upwards  and  grooved  above.  Female 
with  the  ovipositor  short,  broad,  flat  and  turned  upwards, 
with  the  apical  portion  very  finely  serrate. 

Four  species  have  been  found  in  Minnesota,  but  it  is 
very  likely  that  a  fifth  will  be  detected  upon  a  closer  search. 
They  are  all  very  similar,  but  can  readily  be  distinguished 
by  studying  the  structure  of  the  anal  plates  of  the  males. 

Scudderia  curvicauda  DeGeer. 

THE  NARROW- WINGED  KATYDID. 

This  is  one  of  the  most  common  of  our  Katydids,  found 
in  many  places  during  August  and  until  cold  weather.  It  is  es- 
pecially common  among  low  bushes 
in  damp  places.  When  approached 
it  flies  readily  in  a  zigzag,  noiseless 
manner  for  a  long  distance  to  an- 
other clump  of  weeds,  or  to  the 
lower  branches  of  an  oak,  a  tree 

-  Pig  IBS^Scadderia  curvicau-    in  which  it  dclightS  tO  dwcU. 
da,  tip  of  mal^  abdomen.     Ec- 

larked.  Original.  Wmg-covcrs,  Icgs  and    thorax 

pale  green ;  head  and   under-side  of  body  paler ;  pronotum 
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mtieh  longer  than  broad ,  narrower  in  front  than  behind, 
and  with  a  ydlow  line  along  the  lateral  carinae.  The  notch 
of  the  supra-anal  spine  is  square,  with  a  minute  median 
tooth,  the  lateral  parts  of  notch  compressed.  Posterior 
femora  very  slender,  armed  beneath  on  inner  carina  with 
three  or  four  minute  spines.  The  tip  of  mlile  abdomen  is 
shown  in  Fig.  138. 

The  eggs  of  this  species,  as  well  as  of  several  others,  are 
laid  one  or  more,  in  the  edges  of  leaves,  between  the  upper 
and  lower  cuticles,  in  the  same  manner  as  a  saw-fly  deposits 
eggs.  The  eggs,  are  loosely  inserted  in  these  pockets  made 
by  the  ovipositor  of  the  mother,  and  as  they  swell  in  com- 
ing in  contact  with  the  ruptured  tissues  of  the  plant  they 
are  held  tightly  in  place. 

Measurements. — Length  of  body,  22-25  mm. :  wing-cov- 
ers, 33-37  mm. ;  posterior  femora,  25^27  mm. 

Scvdderm  fbrculata  Brunner. 

Somewhat  larger,  very  much  like  curvicauda^  but  readily 
distinguished  from  it  by  the  notch  of  the  supra-anal  spine  of 
the  male,  which  is  acute,  and  by  the  sides  of  the  notch  being 
rounded,  flattened  at  the  end  and  compressed  beneath  into 
a  small  flat  process.  The  female  is  almost  like  that  of 
curvicauda;  it  lacks,  however,  the  black  color  at  the  basal 
fold  of  the  ovipositor.  The  general  color  is  the  same,  but 
the  yellow  carinal  line  of  the  pronotum  is  less  distinct  or 
wholly  wanting  in  farculata,  and  the  apical  third  of  wings 


Fig.  1^9.— ^cuddcria  furculata^  male.    Nat-  Pig:.  140.—ScudderiM  fvrca- 

nral  size.    Original.  /a fa,  tip  of  male  abdomen.    Bq. 

larged.    Original. 
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is  usually  a  transparent  reddish-brown.  The  wing-coyers 
of  the  latter  are  broader,  and  the  posterior  femora  propor- 
tionally a  little  shorter.  The  male  is  shown  in  Fig.  139  and 
the  tip  of  the  male  abdomen  in  140. 

Measurements.—Male,  length  of  body,  20-23  mm.,  wing- 
covers,  34-38  mm.,  posterior  femora,  24-30  mm.  Female: 
Length  of  body,  22  mm. ;  wing-covers,  34  mm. ;  posterior 
femora,  27  mm. 

This  species,  though  not  very  uncommon,  is  not  ob- 
served as  frequently  as  others ;  it  seems  to  prefer  the  bor- 
ders of  marshes  and  tamarack  swamps,  wh^e  it  can  be  found 
during  the  month  of  August. 

Scudderia  fiircata  Brunner. 

THE  FORKED-TAILED  KATYDID. 

Grass  green ;  wing-covers  narrower  and  of  equal  width 
throughout,  apex  rounded ;  lateral  carinaofpronotum  with- 
out trace  of  a  yellow  line.  The  anterior  margin  of  the  pro- 
notum  IS  but  slightly  narrower  than  the  posterior,  whereas 
in  the  two  preceding  species  the  diflFerence  in  width  is  plainly 
perceptible.  The  notch  of  the  supra-anal  spine  of  the  male 
is  very  deep,  and  the  lateral  pieces  very  much  swollen.  The 
tip  of  male  abdomen  is  shown  in  Fig.  141. 


Pig.  14,2. -^Scudderia  furcata,  male.  Nat-        Pig.  141.— Scucfefer/a  fareata,  tip 
ural  size.    Original.  of  male  abdomen.  Bnlarged.  Orig- 

inal. 

Measurements.— Male :  Length  of  body,  16  mm. ;  wing- 
covers,  31  mm.;  posterior  femora,  23  mm.;  pronotum,  5 
mm.;  width  of  wing-covers,  6  mm.  Female:  Length  of 
body,  20  mm.;  wing-covers,  30  mm.;  posterior  femora,  22 
mm. ;  ovipositor,  5  mm. 
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The  Forked-tailed  Katydid,  both  sexes  of  which  are 
shown  in  Pigs.  142  and  143,  is  one  of  the  smallest  and  at  the 
same  time  most  common 
of  the  katydids;  it  frequents 
thickets  along  fences,  coarse 
grasses  and  weeds.  Prof. 
Riley   gives   the    following 

5ippoiin+     nf    +Vm*   i^o-cy-lftvitify         Pig.  143.— Scncfdcr/A /farciita.  female, 
aCCOUnx     OI    xnc   egg  laying  Natural  sixe.    Original. 

habits  of  farcata:  "The  female  stations  herself  firmly 
by  the  middle  and  hind  legs  on  twigs  or  leaves  contignous 
to  the  one  selected  to  receive  the  eggs.  This  leaf  is  then 
grasped  by  the  front  feet  and  held  in  a  vertical  position^ 
while  the  edge  is  slightly  gnawed  or  pared  off  by  the  jaws  to 
facilitate  the  entrance  of  the  point  of  the  ovipositor.  When 
this  is  done  the  abdomen  is  curved  under  and  brought  for- 
ward, and  the  ovipositor  is  seized  on  its  convex  edge  by  the 
mandibles  and  maxillae,  which,  with  the  aid  of  the  palpi^ 
guide  the  point  to  that  portion  of  the  leaf  prepared  to  receive 
it.  After  gentle,  but  repeated  efforts,  the  point  of  the  in- 
strument is  finally  inserted  between  the  tissues  of  the  leaf, 
and  gradually  pushed  in  to  more  than  half  its  length.  As 
soon  as  the  cavity  is  formed,  the  egg  is  extruded,  and  passed 
slowly  between  the  semi-transparent  blades  of  the  ovipos- 
itor. As  the  egg  leaves  the  ovipositor  the  latter  is  gradually 
withdrawn,  while  the  egg  remains  in  the  leaf,  retained  in  its 
place  probably  by  a  viscid  fluid  that  is  exuded  with  it.  As 
many  as  five  of  the  eggs  are  sometimes  deposited  in  one  row 
in  the  same  leaf,  but  more  often  they  are  single.'' 

Scudderia  angustifolia  Harris. 

THE  NARROW-WINGED  KATYDID. 

In  size,  general  appearance  and  structure  of  anal  opines 
of  male  it  is  very  similar  to  fiircata,  but  may  readily  be 
known  by  its  short  posterior  femora,  and  by  its  narrower 
wing-covers. 
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Measurements.— 'Male:  Length  of  bodj,  14  mm.;  of 
tegmina,  26  mm. ;  of  posterior  femcnray  19  mm. ;  of  prono- 
tum,  4  mm. ;  width  of  tegmina,  5  mm.  Female:  Length  of 
body,  19  mm.;  of  tegmina,  25  mm.;  of  ovipositor,  5.5  mm. 

Prof.  Scudder,  who  has  so  carefuilj  studied  the  songs  of 
most  of  our  orthoptera,  gives  the  following  pleasing  account 
of  its  song:  "It  is  more  noisy  by  night  than  by  day;  and 
the  songs  differ  considerably  at  these  two  times.  The  day 
song  is  given  only  during  sunshine,  the  other  by  night  and 
in  cloudy  weather.  I  first  noticed  this  while  watching  one 
of  the  little  creatures  close  beside  me ;  as  a  cloud  passed  over 
the  sun  he  suddenly  changed  his  note  to  one  with  which  I 
was  already  familiar,  but  without  knowing  to  what  insect 
it  belonged.  At  the  same  time  all  the  individuals  around  me, 
whose  similar  day  song  I  had  beard,  began  to  respond  with 
the  night  cry ;  the  cloud  passed  away,  and  the  original  note 
was  resumed  on  all  sides.  Judging  that  they  preferred  the 
night  song  to  that  of  the  day,  from  their  increased  stridula- 
tion  during  the  former  period,  I  imitated  the  night  song 
during  sunshine,  and  obtained  an  immediate  response  in  the 
same  language.  The  experiment  proved  that  the  insects 
could  hear  as  well  a»  sing.  The  note  by  day  isb  zrwi  and 
lasts  for  one-third  of  a  second.  The  night  song  consists  of  a 
repetition,  ordinarily  eight  times,  of  a  note  which  sounds 
like  tcbw.  It  is  repeated  at  the  rate  of  five  times  in  three- 
quarters  of  a  second,  making  each  note  half  the  length  of  the 
dav  note." 

Scadderia  pistillata  Brunner. 

This  species  also  occurs  in  Minnesota.  It  is  found  late 
in  summer  in  the  same  localities  as  cvrvicauda.  It  can  be 
readly  recognized  by  its  relatively  broad  tegmina. 

Apex  of  vertex  concave;  pronotum  narrower  in  front 
than  behind;  wing-covers  very  broad,  wider  at  the  middle 
than  at  the  base  and  apex,  with  radiating  veins ;  anterior 
margin  curved,  inner  margin  quite  straight,  apex  rounded; 
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Fi^.  144.— ScaddeWa  piatillatu,  Piff.  14a.—Seudder\a  piatillata, 

male.    Natural  tise.    Orifinal.  female.    Natural  sixe.    Original. 

supra-anal  process  notched  at  the  apex,  with  rounded  lobes; 
sub-anal  process  extending  a  little  beyond  the  upper  process. 

Measurements. — Male:  Length  of  body,  16-20  mm.; 
wing-covers,  29-31  mm. ;  posterior  femora,  21-23  mm.  Fe- 
male :  Length  of  body,  18-20  mm. ;  wing-covers,  27-30  mm. ; 
posterior  femora,  21-23  mm. 

Both  sexes  are  illustrated  in  Figs.  144  and  145. 

Qim^\J&  Amblycorypba  St&l.  (1873). 
He&d  with  the  vertex  flat;  eyes  elliptical  or  oblong  oval; 
antennce  thread-like,  first  joint  large  and  thick,  second  joint 
but  slightly  smaller,  thind  joint  slender.  Wing-covers  broad 
and  rounded  at  the  tip.  Male  with  the  supra-anal  plate 
truncate;  sub-anal  plate  short  and  broad  at  base,  narrower 
at  apex,  with  a  deep  triangular  notch,  each  tip  with  a  short 
blunt  spine-like  process.  Female  with  a  long,  flat,  curved 
ovipositor,  deeply  serrated  towards  the  end. 

Species  in  this  genus  can  readily  be  recognized  by  the 
broad,  oblong  and  ix>unded,wi^g-cover8.  ,    ' 

At  least  two  species  are  found  in  Minnesota, 
a.    Tegmina  about  37  mm.  in  length;  exceeding  the  tip  of 

posterior  femora oblongi folia  DeGeer. 

aa.    Tegmina  less  than  30  mm.  in  length;  sometimes  reach- 
ing but  not  exceeding  the  tip  of  posterior  femora, 
b.    Greatest  breadth  of  tegmina  contained   less  than 
three  times  in  their  length;  ovipositor  strongly 

curved rotundifolia  Scudder. 

bb.  Greatest  breadth  of  tegmina  contained  from  3%  to 
3^  times  in  their  length ;  ovipositor  but  moder- 
ately curved ,.....,... ••. .....XfA/en  Brunner. 
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tenor  portioii  of  the  thorax  is  considerably  narrower  than 
the  posterior.  Color  pale  pea-green,  sometimes  wholly  rose- 
color.  Lower  carina  of  posterior  femora  with  about  ten 
strong  teeth. 

Measurements.— Length  of  body,  21  mm.;  wing-covers, 
about  38  mm.;  posterior  femora,  30  mm.;  expanse  of  wings, 
75-85  mm. 

Both  species  occur  abundantly  in  Minnesota,  frequenting 
bushes  and  tall  weeds  in  low  places.  They  are  very  similar, 
but  the  latter,  besides  being  larger  with  longer  wing-covers, 
has  also  the  ovipositor  less  serrate  and  less  curved.  Fig. 
147  shows  the  female  insect. 

AmbfycorypbH  Uhleri  Brunner. 

This  insect,  quite  common  in  Maryland,  New  Jersey  and 
the  District  of  Columbia,  has  also  been  found  in  Indiana, 
and  a  specimen  in  the  collection  of  the  writer  is  marked : 
Minnesota,  Aug.  17.    No  locality  is  given,  however. 

Measurements. — Male:  Length  of  body,  25  mm.;  of 
tegmina,  42  mm.;  of  posterior  femora,  22.5  mm. ;  of  prono- 
tum,  6  mm. ;  width  of  tegmina,  13  mm.  Female :  Length  of 
body,  30  mm. ;  of  tegmina,  46  mm. ;  of  posterior  femora,  24 
mm. ;  of  ovipositor,  5  mm. ;  width  of  tegmina,  14  mm. 

GENUS  Microcentrum  Scudder  (1862). 

Size  large.  Wing-covers  moderately  expanded  in  the 
middle,  much  longer  than  the  posterior  femora,  and  with  the 
outer  border  sloping  off  quite  sharply,  thus  causing  the  tip 
to  be  more  pointed  than  in  Amblycorjrpba,  Vertex  much  as 
in  that  genus,  slightly  furrowed.  Eyes  broadly  oval,  very 
prominent.  Hind  legs  slender  and  very  short,  the  femora 
but  little  more  than  half  as  long  as  the  tegmina.  Ovipositor 
very  short,  bent  abruptly,  bluntly  pointed,  and  with  the 
apical  third  finely  serrate  above.  Anal  plates  of  male  not 
prolonged* 
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r  ,  .   Microceatruta  laurifolinm  Linn. 

LARGER  ANGULAR- WINGED  KATTDIlr. 

General  color  light  grass  green,  the  body  yellowish-green, 
lighter  beneath-  Vertex  quite  broad,  with  the  center  hol- 
lowed opt  so  as  to  form  a  shallow  pit,  which  is  more  prom- 
inent in  the  male.  The  pronotum  isabout  as  broad  as  long, 
its  anterior  margin  a  little  concave  and  usually  possessing  a 
slight  median  tooth,  though  this  is  sometimes  obsolete,  or 
is  replaced  with  a  shallow  notch.  The  overlapping  dorsal 
surface  of  the  wing-covers  form  a  sharp  and  prominent 
angle  with  the  lateral  portion^,  hence  the  common  name 
"angular-winged." 

This  insect,  very  common  in  the  southern  states,  has 
been  found  near  Winona,  but  will  very  likely  occur  also  else- 
where. It  is  sometimes  attracted  to  the  electric  light. 
Wherever  it  occurs  it  is  most  commonly  called  "the  Katy- 
did," though  the  sounds  produced  by  it  are  quite  different, 
being  something  like  the  syllable  "  tic"  repeated  from  eight 


Pig,  1*8.— Microceneroin  laarlMlum,  male.     After  Rtley. 

to  twenty  times  at  the  rate  of  about  four  to  the  second. 

The  grayish-brown  eggs,  long  oval  in  shape,  very  flat,  meas- 
uring  5.5x3  mm.,  are  usually 
glued  in  double  rows  on  the 
sides  of  tender  twigs,  or  on 
the  edge  of  leaves,  which  have 
been  previously  roughened 
with  the  jaws  and  otherwise 
Pic.  i.t».-MicrtH!iiBtrum  laaHibtiami  prcparedfora  placeof  dcposit. 

1,  oripoiitot.  oat.  »ixt;  b.  tip  of  Hmi;.  L,       ,  -  .. 

niaiged.  After  RUey.  The  two  rows  are  .contiguous 
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and  theegfrs  of  one  alternatewith  those  of  the  other;  thotie 
of  the  same  row  overlap  about  one-fourth  of  their  length. 
They  are  deposited  in  September,  and  frequently  attract  the 
attention  on  account  of  their  remarkable  regularity.  The 
three  illastrationa,  Figs.  ]48, 149  and  150  show  this  insect. 
The  snb-family  PseadophyUitta  is  represented  by  a  single 
genus,  Cyrtopbyllus,  Burm. 

GENUS  Cyrtopbyllus  Bunneister  (1838). 
It  is  doubtful  whether  this  genus  is  found  in  Minnesota 
or  not,  but  as  it  has  been  captured  just  south  of  the  state 


^ 


Vig.  ISO. — MJcmceBtmoi  laariloU»,  female  OTlpoaltiiiK.    After  RUey. 

the  possibility  of  its  occurrence  is  nut  excluded. 

Head  large  and  stout;  eyes  hemispherical  and  compara- 
tively small,  vertex  spine-like;  antennie  almost  twice  as 
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long  a&  the  wings ;  pronotum  as  broad  las  long  on  top  with 
two  transverse  furrows;  lateral  carixia  well  rounded,  lobes 
of.  sides  parallel,  with  angles  acutely  rounded;  wings  con- 
cave; wing-covers  longer  than  the  hind  wings,  a  little  more 
than  twice  as  long  as  broad,  and  of  almost  equal  width, 
with  the  apex  obtusely  rounded.  Anterior  pairs  of  legs  long 
and  rather  stout,  and  well  adapted  for  climbing ;  hind  legs 
almost  twice  the  length  and  also  stout.  Supra-anal  plate 
longer  than  broad, and  bluntly  rounded  at  the  tip;  sub-anal 
plate  of  male  very  long,  paddle-shaped,  and  grooved  on  the 
upper  side ;  ovipositor  of  female  quite  long  and  curved  up- 
wards bevond  the  middle. 

The  members  of  this  genus  are  at  once  distinguished  from 
all  othtt  Locustidse  by  the  broad  leaf-like  form  of  the  teg- 
mina,  which  are  longer  than  the  wings,  obtuse  and  rounded 
at  the  end,  and  concave  or  hollowed  within.  The**  shrill- 
ing" organ  of  the  male  is  brown  in  color  with  the  central 
portion  as  transparent  as  glass,  and  is  set  in  a  strong  half- 
oval  frame. 

Cyptophyllus  concavus  Harris. 

TRUE  KATYDID.      BROAD-WINGED  KATYDID. 

This  is  the  true  Katydid.  Wing-covers  and  thorax  bright 
dark  green ;  head,  legs  and  body  much  paler ;  hind  wings 
green  and  transparent.  When  the  insect  is  at  rest  the  wing- 
covers  curve  around  the  body,  so  that  their  edges  touch 
above  and  beneath ;  pronotum  roughly  punctured  and  some- 
what wrinkled ;  head  smooth.  The  main  veins  of  the  wing- 
covers  are  very  prominent  with  numerous  reticulating 
branches,  giving  that  organ  the  appearance  of  a  leaf.  Pos- 
terior femora  short,  slender  and  armed  on  apical  half  of 
lower  outer  carina  with  about  six  small  spines.  The  ovi- 
positor is  almost  as  long  as  the  abdomen,  cimeter-shaped, 
sharp-pointed,  and  with  but  slight  serrations  on  the  lower 
edge  of  apical  third.    Below  the  curved  anal  cerci  of  the 


f 
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male  is  a  spine,  resembling  in  appearance  the  cerci,  which 
curves  beneath  the  projecting  sab-anal  plate. 

Measurements. — Length  of  body,  30-35  mm,;  wing-cov- 
ers, 33-36  mm.,  posterior  femora,  19-21  mm. 

The  true  Katydids,  Figs.  151  and  152,  of  which  several 
species  occur  in  the  United  States,  differ  greatly  from  other 
Katydids  by  having  the  wings  shorter  than  the  wing-covers, 


which  latter  are  very  convex,  thus  giving  the  insect  an  in- 
flated appearance.  The  whole  shape  of  the  insect  indicates 
that  it  can  produce  a  large  volume  of  sound,  being  almost 
a  sort  of  sounding  board.  The  structure  of  the  insect  also 
shows  that  it  is  decidedly  arboreal  in  habit,  the  green  color 
well  blending  with  the  foliage  of  the  tops  of  trees  where  it 
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dwells.  If  found  in  Minnesota  it  will  very  likely  occur  in 
small  colonies ;  it  is  most  active  during  August  and  Sep* 
tember. 

Prof.  Scudder,  in  describing  the  loud  notes  of  this  insect, 
writes:  ''The  note,  which  sounds  like  xr,  has  a  shocking 
lack  of  melody ;  the  poets  who  have  sung  its  praises  must 
have  heard  it  at  the  distance  that  lends  enchantment.  In 
close  proximity  the  soand  is  exceedingly  rasping  and 
grating,  louder  and  hoarser  than  I  have  heard  from 
any  other  of  the  Locustarians  in  America  or  in  Europe, 
and  the  Locustarians  are  the  noisiest  of  all  Orthop-, 
tera.  Since  these  creatures  are  abundant  whenever  they 
occur,  the  noise  produced  by  them,  on  an  evening  espe- 
cially favorable  to  their  song,  is  most  discordant.  Usually 
the  notes  are  two  in  number,  rapidly  repeated  at  short  in- 
tervals. Perhaps  nine  out  of  ten  will  ordinarily  give  this 
number;  but  occasionally  a  stubborn  insect  presists  in  sound- 
ing the  triple  note  (Katy-she-did) ;  and  as  Katydids  appear 
desirous  of  defiantly  answering  their  neighbors  in  the  same 
measure,  the  proximity  of  a  triple-voiced  songster  demor- 
alizes a  whole  neighborhood,  and  a  curious  medley  results ; 
notes  from  some  individuals  may  then  be  heard  all  the  while, 
scarcely  a  moment's  time  intervening  between  their  stridu- 
lations,  some  nearer,  others  at  a  greater  distance ;  so  that 
the  air  is  filled  by  these  noisy  troubadours  with  an  indescrib- 
ably confused  and  grating  clatter." 

The  sub-family  Conocepbalinss  contains  two  tribes,  sep- 
arated as  follows: 

a.    Fore  and  middle  femora  spined  beneath.. .ConocepAa/ini. 
aa.    Fore  and  middle  femora  unarmed  beneath...  .Xipbidiini, 

Only  one  genus  represents  the  tribe  Conocepbalini  in 
Minnesota. 

GENUS  Conocephalus  Thunberg  (1815). 

Head  with  the  vertex  more  or  less  prolonged  forward 
and  upward  into  a  cone,  with  a  pointed  tooth  beneath ;  face 
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very  oblique;  pronotum  flat,narrov?er  in  front  than  behind; 
lateral  carina  quite  sharp,  lobes  of  side  curving  obliquely 
backwards  in  front  and  .well  rounded  behind.  Wing-covers 
narrow,  broader  at  the  base  than  the  apex.  Hind  wings 
long  and  quite  narrow.  Cerci  of  male  swollen,  curved  in- 
wards and  toothed.  Ovipositor  very  long  and  straight. 
The  stridnlating  organ  is  opaque  and  of  a  coarse  texture  in 
the  left  wing-cover,  but  transparent  at  the  center  of  the 
right. 

The  chief  characters  by  which  this  genus  is  recognized  are 
the  cone-like  process  of  the  vertex,  the  narrow  wings,  and 
the  sword-like  ovipositor.  These  insects,  not  very  common 
in  our  state,  are  frequently  called  ** Cone-heads"  or  "Sword- 
bearers."  Prot.  McNeill  says  about  the  habits  of  these  in- 
sects: ''AH  the  species  of  CoDocepbalus  seem  to  possess 
more  intelligence  than  is  usnal  in  Orthoptera,  and  they  are 
the  most  difEcult  pf  the  order  to  approach.  In  escaping 
they  usually  slip  or  fall  into  the  grass  instead  of  jumping  or 
flying;  but  they  seem  to  fully  understand  that  they  are  very 
well  protected  by  their  color  and  form.  If  approached  very 
cautiously  they  often  remain  quite  still  upon  the  stem  of 
grass  upon  which  you  have  surprised  them  with  the  usually 
well  founded  expectation  that  you  will  not  be  able  to  dis- 
tinguish them  from  the  green  herbage  around.  If  they  think 
it  worth  while  to  make  some  active  movement  to  escape 
they  will  frequently  slip  around  on  the  other  side  of  the  stem 
and  walk  down  the  stem  to  the  ground  or  off  upon  another 
plant.  Unlike  most  Orthoptera  they  do  not  use  their  front 
legs  in  holding  to  the  mouth  the  thing  upon  which  they  feed. 
Instead  of  biting  they  seem  to  wrench  or  tear  away  pieces 
from  the  stems  or  leaves." 

A  number  of  species  occur  in  Minnesota,  but  how  many 
is  as  yet  unknown,  as  but  few  specimens  have  been  captured, 
the  insects  being  by  no  means  common. 

a.    Cone  of  vertex  slender,  about  3.5  mm.  in  length,  and 
with  either  the  margin  or  lower  face  black. 
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b.  A  black  line  on  each  margin  of  cone  extending  from 
the  apex  half  way  or  more  to  base;  inner,  lower 
carina  of  posterior  femora  with  four  or  five  minute 

spines ens/]g«r  Harris. 

bb.  Cone  of  vertex  entirely  black  beneath;  posterior 
femora  armed  on  both  of  the  lower  carinae  with 
a  number  of  plainly  visible  spines. 

nebrascensis  Bruner. 

aa.    Cone  of  vertex  rather  stout,  less  than  3  mm.  in  length, 

devoid  of  black  markings robvstus  Scudder. 

Coaocepbalus  ensiger  Harris. 

THE  SWORD-BEARER. 

A  slender-bodied  species,  the  general  color  of  which  is 
usually  grass  green,  the  body  and  face  paler;  the  posterior 

tibiae  and  tip  of  ovipositor 
infuscated.  Lateral  carins 
of  pronotum  sometimes 
with  a  faint  yellow  line, 
more  plainly  visible  in  the 
dried   specimens.    Tegmina 

Pig.  16^.— CoiiocepAa/o«  enaiger,  male.     VCry  loUg  andslcndcr.   ConC 
Natural  size.    Original.  /  ^  . ,  •  it  ^        ^i 

of  vertex  With  a  small  tooth 
projectingdownward  from  the  front  of  its  base.  Ovipositor 
of  excessive  length,  straight,  the  apex  pointed. 

Measurements. — Male:  Length  of  body,  26  mm.;  of 
tegmina,  42  mm.;  of  posterior  femora,  21  mm.  Female: 
Length  of  body,  28  mm. ;  of  tegmina,  47  mm. ;  of  posterior 
femora,  23  mm.;  of  cone  of  vertex,  3.25  mm.;  of  pronotum, 
7.5  mm. ;  of  ovipositor,  31  mm. 

This  is  the  best  known  species  of  Sword-bearers  in  Min- 
nesota, and  it  is  by  no  means  very  common.  It  is  found 
among  the  tall  grasses  along  ditches  and  swamps.  Here  in 
St.  Anthony  Park  it  is  most  frequently  observed  upon  the 
stems  of  a  coarse  grass  (Andropogon),  which  grows  in  dry 
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and  sandy  places.  The  eggB  are  deposited  between  the  stem 
and  root-leaves  of  this  grass.  Other  eggs,  probably  of  this 
insect,  are  not  infrequently  found  below  the  scale-like  leaves 
of  a  common  cone-gall  on  our  obtuse-leaved  willow.  In  this 
case  the  peculiar  shape  of  the  long  ovipositor  is  of  great  use. 
Prof.  Scudder,  who  has  set  the  note  of  the  male  to  music, 
says  of  the  song:  ''This  insect  has  but  a  single  song  and 
stridulates  only  by  night,  or  during  cloudy  weather.  It  be- 
gins its  song  as  soon  as  the  sky  is  obscured  or  the  sun  is 
near  the  horizon.    It  commences  with  a  note  like  brw\ 


Piff.  154.~CooocepA«iti«  en^iger,  female.    Natural  sise.    Original. 

then  pauses  an  instant  and  immediately  emits  a  rapid  suc- 
cession of  sounds  lijce  c  A  w  /  at  the  rate  of  about  five  per 
second,  and  continues  them  for  an  unlimited  time.  Another 
writer  likens  its  note  to  the  syllable  **jA-iit-iJt*'  as  if  sharpen- 
ing a  saw,  enlivening  low  bushes  and  particularly  the  com 
patch,  as  it  seems  to  especially  delight  in  perching  near  the 
top  of  a  corn-stalk  and  there  giving  forth  its  rather  impul- 
sive song." 

The  illustrations  (Figs.  153  and  154)  show  both  sexes 
of  this  peculiar  insect. 

Conocephalus  nebrascencis  Bruner. 

A  shorter  winged  but  heavier  bodied  insect  than  ensiger. 
The  cone  of  the  vertex  projects  more  strongly  upwards, 
with  the  apical  half  more  tapering;  basal  tooth  quite  prom- 
inent.   Anal  cerci  of  male  stout,  with  strong  internal  hooks. 
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Ovipositor  long  and  slender,  lanceolate,  a  little  curved  up- 
wards and  extending  about  one-fourth  of  an  inch  beyond 
the  closed  tegmina.  General  color  bright  grass  g^een,  rarely 
a  yellowish*brown  or  tan,  with  narrow  yellowish  lines  along 
the  lateral  carinas  of  the  pronotum.  Posterior  tibiae  with 
all  the  feet  more  or  less  infuscated. 

Measurements. — Male:  Length  of  body,  28  mm.;  of 
tegmina,  37  mm. ;  of  pronotum,  8  mm. ;  of  cone  of  vertex, 
3.5  mm.;  of  posterior  femora,  21  mm.  Female:  Length  of 
body,  33  mm.;  of  tegmina,  42  mm.;  of  posterior  femora,  23 
mm.;  of  ovipositor,  29  mm. 

This  insect  occurs  in  the  same  localities  as  ensiger,  and 
resembles  it  very  closely.  It  tries  to  escape  by  burrowing 
beneath  the  dead  grass. 

Conocepbalus  robustus  Scudder. 

A  much  larger  insect,  with  broader  tegmina.  Cone  of 
the  vertex  like  that  of  ensiger,  but  with  apex  more  obtuse; 
the  frontal  basal  spine  blunt  and  distinct.  Posterior  femora 
armed  beneath  on  both  carinse  with,  a  number  of  weak 
spines.  Wings  of  male  equalling  the  Jtegmina  in  length,  in 
the  female  a  little  shorter.  Ovipositor  shorter  than  in  either 
of  the  above  species.  General  color  either  pea-green  or  dirty 
brown,  or  a  mixture  of  both.  The  cone  rarely  with  a  black 
spot  at  apex,  its  sides  often  with  a  narrow  yellowish  line. 

Measurements.— Male :  Length  of  body,  30  mm.;  of 
tegmina,  44  mm. ;  of  hind  femora,  23  mm. ;  of  pronotum,  8 
mm.;. of  cone,  2mm.  Female:  Length  of  body,  31  mm.; 
of  tegmina,  48  mm. ;  of  hind  femora,  26  mm.;  ot  ovipositor,. 
26  mm. 

These  large  and  very  noisy  insects  are  found  occasionally 
during  September  near  the  shores  of  Lake  Minnetonka  and 
\^%ite  Bear  Lake.  But  as  they  seem  to  inhabit  trees  they 
are  not  readily  captured.  Besides  their  loud  notes  they  pro- 
duce a  buzzing  sound  like  the  humming  of  a  bee. 
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The  tribe  Xiphidiini  contains  two  genera  with  numerous 
species, 
a.    Larger  and  stouter  species.    Ovipositor  short,  falcate. 

Orcbelimum. 
aa.    Smaller  and  slenderer  species.    Ovipositor  straight  and 

scarcely  curved Xipbidium, 

The  insects  belonging  here  are  usually  called  "Meadow 
Grasshoppers.'* 

GENUS  OrcAe/imufli*  Serville  (1831). 

Size  medium,  body  short  and  stout ;  face  oblique ;  vertex 
with  a  blunt  tubercle  at  the  apex,  and  meeting  a  small  and 
similar  projection  from  beneath ;  antennae  very  long,  thread- 
like; first  joint  very  stout  and  cylindrical;  second  joint  con- 
siderably smaller ;  pronotum  flat  on  top,  lateral  carina  well 
rounded,  lobes  of  sides  almost  parallel,  then  forming  more 
or  less  of  a  triangle  at  the  bottom.  Wing-cases  of  the  male 
narrow,  broad  to  about  the  middle,  then  suddenly  but  grad- 
ually narrowing;  stridulating  organ  well  developed.  In 
the  female  the  wing-cases  are  of  about  equal  width ;  cerci 
with  a  sharp  tooth-like  hook  inside,  directed  inward;  ovi- 
positor slightly  curved,  and  terminating  in  a  sharp  point; 
anterior  pairs  of  tibiae  w^ith  a  number  of  spines. 

Many  specimens  of  Meadow  Grasshoppers  are  found  in 
Minnesota,  and  three  at  least  are  common,  or  fairly  so,  viz., 
vulgarCj  glaberrimum  and  nigripes.  Our  species  have  an 
ovipositor  with  a  very  evident  curve,  not  straight  or  nearly 
so,  and  the  face  without  a  median  brown  stripe, 
a.    Posterior  femora  unarmed  beneath. 

b.    Tegmina  broader  at  base ;  the  apical  third  narrower ; 
bodv  robust, 
c.    Tegmina  and  wings   sub-equal  in    length;    size 

medium vulgare, 

cc.    Tegmina   distinctly   shorter   than    wings;  size 
large glaberrimtun, 

•Literally,  **I  dance  in  the  meadows." 
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bb.    Tegmina  of  equal  width  throughout ;  body  slender. 

campestrc. 
aa.    Apical  half  of  posterior  femora  armed  beneath  with  sev- 
eral small  spines, 
b.    All  the  tibiae  and  tarsi  black  or  dark  hro'wn,. nigripes. 
bb.    The  tibiae  and  tarsi  green  or  reddish-brown. 

silvaticum. 

Orcbelimum  vulgare  Harris. 

COMMON  MEADOW  GRASSHOPPER. 

It  is  a  medium  sized,  robust  insect,  with  the  general  color 
green  or  light  reddish-brown.  Face  light  green  or  light 
brown  without  fuscous  marks.  The  occiput  and  disk  of 
pronotum  with  a  reddish-brown  band,  widening  on  the  lat- 
ter, where  it  is  often,  especially  in  the  male,  bordered  on 
each  side  with  a  darker  line.  The  male  (as  in  most  of  our 
species)  with  two  short,  black  dashes  on  each  wing-cover, 
the  four  forming  the  angles 
of  an  assumed  square,  en- 
closing the  tympanum.  The 
legs  usually  pale  brown, 
the  tarsi  dusky.  -Pronotum 
long,  its  posterior  lobe  but 

,.,,,         •/..       11  «         IM|f.  IfiB.— Onchci/in um  ru/^arc,  male. 

slightly,  if  at  all,  upturned  original, 

above  the  plane  of  the  anterior,  its  hind  margin  rounded. 
Tegmina  reaching  to  or  very  slightly  beyond  the  apex  of 
hind  femora,  and  equalling  or  very  little  shorter  than  the 
wings.  Cerci  of  male  rather  long,  the  apex  bluntly  rounded, 
a  little  depressed;  the  sub-basal  tooth  somewhat  flattened, 
with  the  tip  sharp  and  decurved. 

Measurements. — Male:  Length  of  body,  18  mm.;  of 
pronotum,  6  mm.;  of  tegmina,  21  mm.;  of  hind  femora,  18 
mm.  Female:  Length  of  body,  19  mm.;  of  pronotum,  6.2 
mm.;  of  tegmina,  21  mm.;  of  hind  femora,  18.5  mm.;  of 
ovipositor,  7.5  mm. 
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This  is  our  most  abundant  meadow  grasshopper,  and 
can  be  found  from  the  end  of  July  until  frost.  It  seems  to 
prefer  the  higher  and  dryer  meadows  and  clover  and  timothy 
fields.    Both  sexes  are  shown  in  Figs.  155  and  156. 

This  species  is  a  powerful  musician,  or  rather  a  noisy 

one.  Prof.  Scudder  says : 
"When  about  to  siilg  on 
a  hot  sunny  day,  the  male 
mounts  a  stalk  of  grass 
about  a  foot  from  the 
ground,  where   it  clings 

Piff.  lae.—OrchtHmum  ro^jire,  female.  with    itS    fOUr  frout  IcgS,. 

allowing  its  hind  legs  to 
dangle  on  either  side  of  the  stalk,  that  they  may  not  inter* 
fere  with  the  wing-covers.  Beginning  with  ts  it  changes  al- 
most instantly  into  a  trill  ofzr.  At  first  there  is  a  crescendo 
movement,  which  reaches  its  volume  in  half  a  second;  the 
trill  is  then  sustained  for  a  period  varying  from  one  to 
twenty  seconds,  but  generally  from  six  to  eight  seconds,  and 
closes  abruptly  with/?.  This  strain  is  followed  by  a  series 
of  very  short  staccato  notes  sounding  likejijp,  ;ip,  jip,  re- 
peated at  half-second  intervals ;  the  staccato  notes  and  trill 
alternate  ad  libitum.  The  staccWo  notes  may  be  continued 
almost  indefinitely,  but  are  very  rarely  heard  more  than  ten 
times  in  direct  succession;  it  ordinarily  occurs  three  or  four 
times  when  the  phrase  is  repeated." 

Orcbeliwum  glaberrimum  Burmeister. 

Very  similar  to  vulgare,  perhaps  only  a  larger  form. 
The  general  color  is  the  same,  but  the  brown  line  on  the  disk  of 
pronotum  is,  in  thefemale,moreplainly  margined  with  black, 
while  in  the  male  the  black  dashes  at  ends  of  tympanum  are 
larger  and  more  completely  enclose  that  organ.  The  teg- 
mina  of  the  male  exceed  the  hind  femora  by  about  4  mm., 
and  are  exceeded  by  the  wings  about  the  same  distance ; 
those  of  the  female  are  proportionately  a  little  shorter. 
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Measurements. — Male:  X^ength  of  body,  22.5  mtii. ;  of 
pronotum,  6  mm. ;  of  tegmina,  25  mm. ;  of  hind  femora,  19 
mm.  Female :  Length  of  body,  23  mm. ;  of  pronottim,  6.5 
mm.;  of  tegmina,  24  mm;  of  hind  femora,  19  mm.;  of  ovi- 
positor, 8.5  mm. 

A  few  specimens  of  this  species  were  found  among  the 
tall  grass  growing  near  a  pond  in  St.  Anthony  Park.  The 
insect  appears  to  be  not  common. 

Orcbelimum  campestre  Blatchley. 

This  insect,  of  less  than  medium  size,  with  narrow  and  al- 
most uniformly  wide  tegmina,  with  the  posterior  femora 
unarmed  beneath,  and  with  a  short  and  narrow  ovipositor, 
has  been  reported  from  the  south-eastern  part  of  the  state, 
but  no  specimens  have  been  seen  by  the  writer. 

Orchelinmm  nigripes  Scudder. 

THE  BLACK-LEGGED  GRASSHOPPER. 

Somewhat  smaller  than  vulgare;  the  body  moderately 
robust.  Pronotum  short,  the  posterior  lobe,  especially  in 
the  male,  rather  strongly  upturned.  Tegmina  a  little  shorter 
than  the  wings,  surpassing  slightly  the  hind  femora.  The 
shrilling  organ  of  the  male  is  unusually  large  and  prominent 
with  strong  cross  veins,  and  behind  it  the  tegmina  taper 
rapidly  on  both  margins ;  their  shape  and  the  size  of  the 
tympanum  causing  the  male  to  appear  somewhat  peculiar 
and  much  more  robust  than  it  really  is.  Hind  femora  armed 
on  apical  half  of  lower  outer  carina  with  from  one  to  four 
small  spines.  Cerci  of  male  slender,  tapering,  the  apex  a 
little  obtuse;  the  sub-basal  tooth  long,  slender  and  a  little 
curved.  Ovipositor  rather  long,  broadest  in  the  middle, 
tapering  to  a  delicate  point.  The  males  vary  much  in  size. 
General  color  green  or  reddish-brown,  the  former  prevailing 
in  the  male,  the  latter  in  the  female.  Occiput  and  disk  of 
pronotum  with  the  usual  brown  markings.    Front  and  sides 
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of  head,  and  four  front  femora,  reddish-yellow.  All  the  tibiae 
and  tarsi)  together  with  the  apical  third  of  hind  femora, 
black  or  dark  brown. 

Measurements. — Male:  Length  of  body,  18  mm.;  of 
pronotnm,  5  mm.;  of  tegmina,  21  mm.;  of  hind  femora,  16 
mm.  Female:  Length  of  body,  19  mm.;  of  tegmina,  22 
mm. ;  of  hind  femora,  17  mm. ;  of  ovipositor,  9  mm. 

Not  uncommonly  found  in  low  places  along  the  Missis- 
sippi River,  where  it  seems  to  prefer  to  dwell  on  such  plants 
as  the  Smart  weed. 

GENUS  Xipbidium  Serville  (1831). 

Very  closely  allied  to  the  genus  OrcMimumy  from  which 
it  can  hardly  be  separated.  The  species,  however,  are  much 
smaller  and  more  graceful,  and  the  ovipositor  is  straight  in- 
stead of  curved.  Wings  as  long,  longer  or  shorter  than  the 
abdomen.  Wing-length  in  this  genus,  and  in  Orcbelimum, 
isacharacternotto  be  relied  upon  as  a  specific  or  even  a  vari- 
etal difference. 

These  light-green  grasshoppers  are  found  in  large  num- 
bers in  our  meadows  and  moist  pastures.  Here  they  give 
concerts  from  the  middle  of  summer  till  the  autumn.  Insects 
belonging  to  this  genus  possess  no  conical  projections  upon 
their  heads. 

We  have  in  Minnesota  several  species  of  these  insects, 
and  no  doubt  still  others  will  be  found. 
A.    Ovipositor  shorter  than  the  body, 
b.    Ovipositor  straight. 

c.    Wings  a  little  longer  than  the  wing-covers ;  the 

latter  always  fully  developed fasciatum. 

cc.    Wings  shorter  than  the  wing-covers ;  the  latter 

variable  in  length brevipenne, 

bb.    Ovipositor   a  little  curved;    tegmina  constant  in 
length,  covering  about  two-thirds  of  the  abdomen 

in  the  male;  shorter  in  the  female nemorale. 

AA.    Ovipositor  equal  to  or  .longer  than  the  body. 
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b.    Length  of  posterior  femora  almost  equal  to  that  of 
ovipositor, 
c.    Body  rather  stout ;  the  tegmina  always  covering 
more  than  half  the  abdomen, 
d.    Abdomen  with  the  dorsal  surface  light  bro  wn» 
the  sides  green,  or  greenish-yellow. 

ensiferum. 
dd.    Abdomen  with  the. dorsal  surface  a  fuscous 
brown,  the  sides  shining-black. 

nigropleurum. 

cc.    Body   very   slender;   the   tegmina  exceedingly 

short,  pad-like,  covering  only  one-third  of  the 

abdomen..... ; modestum, 

bb.    Posterior  femora  much  shorter  than  the  ovipositor ; 
the  latter  of  excessive  length, 
c.    The  common  form  with  the  tegmina  very  short, 
less  than  half  the  length  of  the  abdomen ;  the 

.    sides  of  the  body  green strictatn. 

cc.  The  common  form  with  the  tegmina  covering 
three-fourths  or  more  of  abdomen;  sides  of 
body  dull  reddish-brown antennatum. 

I 

Xiphidium  fasciatum  DeGeer. 

THE  SLENDER  MEADOW  GRASSHOPPER. 

Pale  green,  with  a  broad  reddish-brown,  longitudinal 
band  on  its  thorax,  extending  to  the  top  of  the  head,  where 
it  becomes  much  narrower;  face  entirely  green;  abdomen 
above  reddish,  green  beneath.  Wing-covers  and  wings 
extending  much  beyond  the  body,  reaching  the  tip  of  the 
ovipositor  in  the  female.  Hind  wings  somewhat  longer 
than  the  wing-covers. 

Measurements.  —  Length  of  body,  13.5  mm.;  wing- 
covers,  17  mm. ;  hind  femora,  1 1  mm. ;  ovipositor,  8  mm. 

This  is  one  of  the  most  slender  bodied  species,  and 
the   only  one  whose  wings   are    never   shorter   than   the 
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"body.  '  It- >is  fonnd  abuntantly  e7erj- 
where  in  timothy  and  clover  fields, 
and  especially  in  low  pastures.  It 
reaches  maturity  very  early,  and 
about  July  10  the  first  notes  of  the 
males  can  be  heard ;  they  are  a  kind 
of  zr-r-r-r  long  drawn  out. 

Both  sexes  are  shown  in  Figs.  157 
and  158. 

Xiphid^um  brevipenne  Scudder. 

Smaller  and  somewhat  stouter 
than  fasciatam.  Color  light  green  or 
pale  brown,  with  the  band  on  the 
thorax  and  head  the  same  as  in  /as- 
datum,  wings  almost  as  long  as  the 
body,  and  not  extending  beyond  it. 
Antennfe  about  three  times  as  long 
as  the  body.  Posterior  femora  rather 
short,  and  stout,  unarmed  beneath, 


lar.—xiptiaiue 


or  rarely  with  one  to  four  minute  spines.  Cerci  of  male 
swollen,  the  apex  strongly  compressed  and  obtuse,  armed 
below  the  middle  with  a  rather  fiat,  sharp-pointed  tooth. 
Ovipositor  reddish-brown  throughout. 

Measurements. — Length  of  body,  9-12  mm.;  wing-coT- 
ers,  6-8  mm.;  posterior  femora,  11-12  mm,;  ovipositor, 
9-12  mm. 
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This  common  species  occurs  in  the  same  localities  as 
fascjatuoif  but  reaches  maturity  about  a  fortnight  later. 

Xiphidium  nemorale  Scudder. 

Greenish-brown;  wing-covers  greenish  with  the  front 
margin  blackish,  nearly  as  long  as  the  abdomen  in  the  male, 
somewhat  shorter  in  the  female;  top  of  head  and  pronotum 
with  a  broad,  very  faint,  reddish,  longitudinal  stripe  mar- 
gined with  a  whitish  line  on  each  side ;  legs  greenish  with 
many  red  dots;  wing-covers  with  prominent  cross- veins; 
ovipositor  as  long  as  the  abdomen,  slightly  curved  upwards 
apically. 

Measurements. — Male :  Length  of  body,  14  mm. ;  wing- 
covers,  8  mm.;  hind  femora,  12  mm.  Female:  Length  of 
body,  15  mm. ;  wing-covers,  5.5  mm. ;  hind  femora,  13  mm. ; 
ovipositor,  9  mm. 

This  rather  common  species  prefers  the  borders  of  our 
forests,  and  seems  to  be  at  home  amongst  the  low  bushes 
found  in  such  localities. 

Xiphidium  ensifemm  Scudder. 

Very  similar  to  brevipenne;  general  color  more  of  a 
green,  the  face,  sides  of  pronotum  and  abdomen,  and  the 
four  anterior  femora  being  of  that  hue.  Tegmina  and  wings 
light  reddish-brown,  as  are  the  tibiae  and  ovipositor,  the 
latter  becoming  a  deeper  brown  towards  the  apex.  Cerci  of 
male  rather  stout,  with  the  apical  half  curved  slightly  out- 
ward and  depressed.    Ovipositor  slender,  straight. 

Measurements. — Male:  Length  of  body,  13.5  mm.;  of 
tegmina,  9  mm. ;  of  hind  femora,  13  mm. ;  of  pronotum,  3.5 
mm.  Female:  Length  of  body,  14.5  mm. ;  of  tegmina,  8.5 
mm.;  of  hind  femora,  14  mm.;  of  ovipositor,  15  mm. 

This  peculiar  grasshopper  is  common  in  many  parts  of 
the  state.  It  has  the  peculiar  habit  of  selecting  the  common 
cone  shaped  willow-gall  as  the  place  in  which  to  deposit  the 
eggs.    Prof. , Wheeler  published  an  excellent  account  of  the 
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oviposition  of  this  species.  He  writes:  **0n  September 
8th  I  observed  a  female  in  the  act  of  oviposition.  She  was 
perched  with  her  head  turned  toward  the  apex  of  the  gall. 
Slowly  and  sedately  she  thrust  her  sword-shaped  ovipositor 
down  between  the  leaves,  and,  after  depositing  an  egg,  as 
slowly  withdrew  the  organ  in  order  to  recommence  the  same 
operation,  after  taking  a  few  steps  to  one  side  of  where  she 
had  been  at  work.  She  soon  observed  me  and  slipped  away 
without  completing  her  task.  The  number  of  eggs  found  in 
a  gall  varies  considerably.  Sometimes  but  two  or  three 
will  be  found,  more  frequently  from  fifty  to  a  hundred.  In 
one  such  gall  I  counted  one  hundred  and  seventy."  The 
egg  is  cream  colored,  very  thin,  elongate-oval  in  outline,  and 
measures  4x1  mm.  The  young  emerge  about  the  middle  of 
May  and  reach  maturity  toward  the  middle  of  August. 
Long-winged  forms  are  found  occasionally. 

Xipbidium  nigropkurum  Bruner. 

THE  BLACK-SIDED  GRASSHOPPER. 

A  medium  sized,  rather  robust  species,  easily  distin- 
guished from  all  others  of  the  genus  by  its  peculiar  colora- 
tion. Two  forms  occur,  one  having  the  pronotum,  tegmina 
and  legs  bright  grass-green,  the  other  with  these  parts 
brownish-yellow,  the  green  entirely  absent.  Both  forms 
have  the  stripe  on  the  occiput  and  the  sides  of  the  abdomen 
shining  black ;  the  former  narrowing  in  front  to  the  width 
of  the  tubercle,  and  bordered  on  each  side  with  yellowish- 
white.  In  the  green  forms  the  usual  brown  stripe  on  the 
disk  of  the  pronotum  is  but  faintly  defined ;  in  the  other  it  is 
very  evident.  The  tegmina  are  usually  abbreviated,  reaching 
only  four-fifths  of  the  length  of  the  abdomen,  but  an  occa- 
sional specimen  is  to  be  found  in  which  the  wings  are  fully 
developed  and  then  reach  to  the  extremity  of  the  ovipositor 
of  the  female.  Ovipositor  straight,  quite  broad  and  heavy. 
Male  cerci  of  medium  length,  rather  stout,  tapering  gently 
toward  the  apex,  and  with  a  strong  sub-basal  tooth. 


332  FAMILY  VI.-LOCUSTID^. 

Measurements.  —  Male:  Length  of  body,  14  mm.;  of 
tegmina,  9  mm.;  of  hind  femora,  13.5  mm.;  of  pronotum, 
3.5  mm.  Female:  Length  of  body,  15  mm.;  of  tegmina, 
8.5  mm. ;  of  hind  femora,  14  mm. ;  of  ovipositor,  16  mm. 

This  species  is  found,  rarely,  in  low  and  swamp  places. 

Xipbidium  modestum  Bruner. 

This  small  species,  of  a  dull  reddish-brown  color,  has 
been  reported  from  the  southern  part  of  Minnesota,  but  no 
specimens  have  been  seen  by  the  writer.  It  is  said  to  be 
common  west  of  the  Mississippi  River. 

Xiphidium  strictum  Scudder. 

Body  rather  slender,  of  more  than  the  average  length. 
Two  forms,  constant  in  color,  but  dimorphic  as  far  as 
the  length  of  wings  is  concerned,  are  found.  Sides  of  head 
and  body  together  with  all  the  femora  green.  The  usual 
reddish-brown  stripes  on  occiput  and  pronotum  narrowly 
edged  with  whitish.  Tegmina  reddish-brown;  in  the  fe- 
males ezceedmgly  short  and  pad-like,  or  well  developed  and 
reaching  almost  to  knees ;  when  the  former,  a  little  longer 
than  the  wings;  when  the  latter,  5  mm.  shorter  than  the 
wings.  In  the  short-winged  males  the  tegmina  are  some- 
what less  than  half  the  length  of  the  abdomen.  There  is  a 
reddish-brown  band  on  the  dorsal  surface  of  abdomen, 
darker  where  it  meets  the  green  on  sides.  Ovipositor  pale 
red,  straight,  one  and  a  half  times  the  length  of  the  posterior 
femora.  Cerci  of  male  long,  the  apical  half  acuminate,  curved 
slightly  inward  near  the  tip. 

Measurements. —  Male:    Length  of  body,   14  mm.;    of 
tegmina,  5.5  mm. ;  of  pronotum,  3.5  mm.;  of  hind  femora, 
13.5  mm.    Female:    Length  of  body,  17  mm. ;  of  tegmina, 
short-winged  form,  3.5  mm.;  long-winged  form,  16  mm.;  of 
hind  femora,  15.5  mm.;  of  ovipositor,  23  mm. 

Rather  common  in  the  south-western  part  of  the  state, 
in  the  dry  prairies. 
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Xipbidinm  attenuatum  Scudder. 

THE  LANCETAILED  GRASSHOPPER. 

A  medium  sized  grasshopper,  with  the  sides  of  the  head 
and  body  dull  reddish-brown.  Vertex,  disk  of  pronotum, 
and  tegmina  greenish-brown  in  life,  the  former  with  the 


"Fig.  169. — Xiphidium  atteaaatum,  female.    Oris^inal. 

usual  dark-brown  median  stripe.  Femora  greenish-brown, 
very  rarely  bright  green,  the  tibiae  and  tarsi  darker.  Teg- 
mina and  wings  either  abbreviated  or  fully  developed — when 
the  former,  covering  about  three-fourths  of  the  abdomen, 
when  the  latter  considerably  surpassing  its  tip  in  both 
sexes.  Antennae  with  the  basal  third  reddish,  the  remainder 
fuscous,  longer  than  in  any  other  member  of  the  genus  be- 
longing to  our  fauna.  Ovipositor  also  longer  than  in  any 
other;  slender  and  nearly  straight,  the  apex  very  acuminate ; 
cerci  of  male  long,  with  the  apical  third  gently  tapering,  the 
basal  tooth  minute,  slender. 

Measurements. — Male:  Length  of  body,  14  mm.;  of 
pronotum,  3  mm. ;  of  tegmina,  short  form,  10  mm. ;  of  hind 
femora,  14.5  mm.;  of  antennae,  73  mm.  Female:  Length 
of  body,  16  mm.;  of  tegmina,  9.5  mm.;  of  hind  femora,  15 
mm.;  of  ovipostor,  26-30  mm. 

A  few  specimens  of  the  short-winged  form  have  been  taken 
in  Minnesota  (Fig.  159  shows  a  long- winged  female).  Prof. 
Blatchley  says:  **The  males  of  attenuatum  are,  as  far  as 
my  experience  goes,  the  most  active  leapers  among  the 
winged  LocHst/c/a?,  jumping  a  half  dozen  or  more  times  with- 
out pause  when  flushed,  and  in  the  net  leaping  so  rapidly 
from  side  to  side  as  to  prevent  capture  with  the  fingers. 
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The  females  are  evidently  handicapped  in  their  leaping  pow- 
ers by  the  excessive  length  of  the  ovipositor,  and  so  more 
often  endeavor  to  escape  by  burrowing  beneath  the  dense 
masses  of  fallen  grass  and  reed-siems  which  are  always 
fotmd  in  their  accustomed  haunts." 

He  also  finds  that  the  length  of  the  ovipositor  among 
the  different  species  of  Xipbidium  is  not  at  all  dependeiit 
upon  the  age  of  the  insect.  In  attenu&tntn  it  is  almost  as 
long  after  the  third,  and  fully  as  long  after  the  fourth  molt 
as  it  is  in  the  imago. 

The  eggs  oi  attenuatum,  as  the  length  of  the  ovipositor 
indicates,  are  laid  between  the  stems  and  leaves  of  tall 
grasses. 

The  sub-family  Decticinae  contains  a  large  number  of 
genera,  of  which  only  two  occur  in  Minnesota,  and  very 
sparingly  at  that, 
a.    Prostemum  armed  with  two  erect  spines.    Large  but 

not  bulky  insects Atlanticus. 

aa.    Prostemum  unarmed.    Large  and  very  bulky  insects. 

Anabrus. 

GENUS  Atlnnticus  Scudder. 

Head  rounded ;  face  broad,  but  slightly  oblique ;  vertex 
compressed,  with  a  blunt,  decurved  projection  between  the 
antennae,  which  is  slightly  excavated  on  the  sides;  pronotum 
flattened  on  top  with  the  lateral  carinas  sharp  and  abruptly 
bent  down  at  the  sides.  The  pronotum  is  narrower  in  front 
than  behind,  and  slightly  pinched  before  the  middle;  it  also* 
extends  backwards  over  the  first  abdominal  segment.  Wing- 
covers  of  the  female  rudimentary  and  hidden  under  the  pro- 
notum; those  of  the  male  about  half  as  long  as  the  body; 
ovipositor  stout  at  base,  straight,  flattened,  and  pointed 
obliquely  upwards;  as  long  as  the  body.  The  shrilling 
organ,  which  is  covered  by  the  pronotum,  is  circular,  and 
rather  large  for  the  size  of  the  tegmina. 
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Atlanticus  pacbymems  Burmeister. 

SHIELD-BACKED  GRASSHOPPER. 

Grayish-brown,  with  the  wing-covers  of  the  male  marked 
with  black.  The  abdomen  &nd  femora  are  sprinkled  with 
minnte  blackish  dots.  The  extreme  lateral  edge  of  the  pro- 
notum  with  a  yellowish  border,  preceded  by  a  black  streak 
at  the  posterior  edge. 

Measurements. — Male:  Length  of  body,  20  mm.;  of 
pronotum,10mm.;  of  hind  femora,  16  mm.  Female:  Length 
of  body,  22  mm.;  of  pronotum,  9  mm.;  of  hind  femora,  18 
mm.;  of  ovipositor,  17  mm. 

Only  a  few  of  these  wingless  and  dull-colored  grasshop- 
pers were  found.  The  insects  are  very  striking,  owing  to  the 
large  size  of  the  pronotum,  which  is  so  enlarged  as  to  extend 
back  over  the  two  other  thoracic  segments.  The  ovipositor 
of  the  female  is  also  greatly  developed  and  almost  straight. 
The  fully-grown  insect  (Fig.  160,  male)  is  found  early  in 

July ;  it  seems  to  prefer  the 
dry  hill-sides.  The  young 
appear  very  early  in  the 
season,  and  are  much  more 
active  during  this  period 
than  in  their  mature  state, 
T>i„  ^«n    ^*f    */      «    I.  1    when   they  crawl  rather 

Pt^.  160.— il  tlttnticna  pHchjmeruBi  male.  ^ 

Original.  thsn    leap.     In    captivity 

they  feed  as  readily  upon  animal  as  upon  vegetable  food,  and 
in  the  natural  state  probably  feed  upon  the  dead  bodies  of 
such  small  animals  as  they  can  find.  The  adults  are  far  less 
numerous  than  the  young,  being  probably  killed  by  ground- 
feeding  birds,  as  they  do  not  hide  by  day  as  do  the  various 
kinds  of  Ceutbopbili,  The  adults  are  sometimes  found 
nesting  on  the  leaves  and  stems  of  low  shrubs  and  weeds, 
but  seldom  climb  over  two  or  three  feet  from  the  ground. 
Their  song  resembles  that  of  Orcbelimum  vulgare.    It  is  a 
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continuous  z-e-e-Cj  with  an  occasional  short  /fr,  caused  by  the 
insect  getting  its  wing-covers  ready  for  action  after  a  period 
of  silence. 

A  Second  species  (A.  dorsalis  Burm.)  may  possibly  be 

found  in  our  state.    The  two  species  can  be  separated  by  the 

characters  given  in  the  following  table : 

a.    Front  margin  of  pronotum  much  shallower,  but  little 

more  than  half  as  wide  as  hind  margin,  the  latter 

broadly  rounded pacbjrmerus. 

aa.    Front  margin  of  pronotum  but  little  narrowed,  almost 

three-fourths  the  width  of  the  hind  margin,  the  latter 

almost  square dorsalis. 

GENUS  Anabras*  Haldeman. 

Bulky  and  large  insects.  Pronotum  extending  over  the 
basal  portion  of  the  abdomen  concealing  the  rudimentary, 
squamaeform  elytra;  without  distinct  lateral  carinse,  and 
the  median  carina  wanting  or  visible  only  on  the  posterior 
portion;  dorsum  of  pronotum  smooth.  Prostemum  un- 
armed. Anterior  tibiae  with  six  to  eight  spines  in  front,  in 
two  rows ;  tarsi  broad,  soles  concave,  the  third  articulation 
cordate.  Styles  of  sub-genital  plate  of  males  articulated. 
Ovipositor  nearly  straight,  sword-shaped,  two-thirds  the 
length  of  the  body. 

The  genus  resembles  Atlanticus  in  the  shield-like  prono- 
tum and  large  size  of  the  ovipositor,  but  differs  in  having 
the  prosternum  unarmed,  while  in  the  former  genus  there 
are  two  spines  between  the  base  of  the  front  legs. 

Anabms  parpurascens  Uhler. 

This  dark  purplish-brown  insect,  mottled  with  yellow, 
occurs  in  the  Red  River  Valley,  where  at  least  one  specimen 
was  found  near  Argyle  Further  west,  where  the  insects  b^ 
longing  to  this  and  other  species  are  very  much  more  com- 

*abroa,  with  the  negative  prefix  mo,  in  allusion  to  the  nnpreposscsting  appear- 
ance of  the  insect. 
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mon,  they  are  called  "  Western 
Crickets."  They  sometimes  become 
very  destructive  to  crops.  The  in- 
sect deposits  in  August  and  early 
September  from  50  to  75  eggs, 
which  have  a  cylindrical,  long-oval 
shape,  and  have  their  pearly  white 
surface  minutely  pitted ;  they  hatch 
late  in  spring. 


Both  seies  are  illustrated  ( Figs.  3  61  and  162)  in  natural 

The  sub-family  Gryllacrinse  is  not  represented  in  the 
fauna  of  Minnesota,  and  the  sub-family  Steaopelmatinse  by 
only  one  tribe,  the  Rhaphidopborini,  which  contains  a 
number  of  genera  belonging  to  the  group  of  CeatbopbiU. 
a.  Palpi  long.  Hind  tibis  usually  considerably  long^er  than 
the  hind  femora.    Third  hind  tarsal  joint  only  half  or 

less  than  half  as  long  as  the  second Ceutbopbilas. 

aa.  Palpi  short.  Hind  tibite  shorter,  or  at  most  but  little 
longer  than  the  hind  femora.  Third  hind  tarsal 
joint  hardly  shorter  than  the  second Vdeopaylla. 

GENUS  Ceathophilus  Scudder  (1862). 

Wingless,  medium  or  large,  head  large,  oval,  bent  down- 
wards and  backwards  between  the  front  legs;  vertex  not 
tuberculate ;  last  joint  of    palpi  longer  than  the  third,  and 
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grooved  beneath  at  the  apex ;  antennse  very  long,  usually 
two  or  more  times  as  long  as  the  body ;  pronotum  not  ex- 
tending over  the  meta-  and  mesothorax  as  in  Atlanticus, 
and  well  rounded  on  top ;  prostemum  unarmed ;  abdomen 
arched ;  legs  long,  slender,  with  a  few  spines ;  hind  femora 
swollen  at  the  base,  channeled  beneath,  and  more  or  less 
spined ;  hind  tibiae  with  more  than  four  pairs  of  spurs,  first 
tarsal  joint  almost  as  long  as  the  rest  together;  ovipositor 
straight,  more  or  less  swollen  at  the  base. 

All  members  of  this  and  allied  genera  live  in  dark  and 
moist  places,  under  rotten  logs,  stones,  mole-hills,  in  cavi- 
ties, or  in  cellars.  A  related  insect,  the  "Cave  Cricket,"  is 
found  in  our  large  caves;  it  is  colorless  and  blind,  but  pos- 
sesses long  legs  and  antennae.  Another  species  lives  in  Flor- 
ida in  the  burrows  of  a  turtle,  the  **  Gopher."  All  are  wing- 
less grasshoppers  which,  on  account  of  their  ^resemblance 
to  genuine  crickets,  are  called  **  Cricket-like  Grasshoppers" 
or  "Stone  Crickets."  Their  color,  which  is  a  pale  brown, 
dirty  white,  or  quite  dark  and  almost  black,  harmonizes 
well  with  their  surroundings,  and  the  mottled  appearance 
of  some  adds  to  their  protection. 

The  males  of  these  peculiar  beings  are  readily  separated 
by  the  size,  number  and  relative  positions  of  the  spines  on 
the  under  side  of  the  hind  femora,  as  well  as  by  the  degree  oi 
curvature  of  the  corresponding  tibiae.  The  females,  having 
neither  the  spined  posterior  femora  nor  the  curved  tibiae,  are 
less  readily  distinguished.  As  the  two  sexes  are  colored 
alike,  and  are  usually  found  together  in  some  hiding  place, 
there  will  be  little  difiiculty  in  placing  the  female  after  deter- 
mining the  male  by  the  characters  given. 

These  insects  are  almost  omnivorous  in  their  choice  of 
food,  and  like  most  Locustidse  feed  upon  meat  whenever  they 
can  obtain  it. 
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Ceutbopbilus  maculatus  Say. 

SPOTTED  WINGLESS  GRASSHOPPER. 

Glabrous,  mottled  with  luteous  and  blackish,  the  darker 
markings  predominating;  on  the  pronotumalateous,  medio- 
dorsal  stripe,  also  traces  of  such  a  stripe  along  the  dorsum 
of  the  meta-  and  mesothorax;  the  hind  femora  are  strongly 
infuscated  outside  and  inside;  the  anterior  pairs  of  femora 
infuscated  at  the  apex  and  all  the  tibiae  at  the  base;  poste- 
rior tibiae  infuscated  along  the  upper  side;  fore  femora  alittle 

more  than  a  fourth  longer 
than  the  pronotum  and 
much  less  than  half  as  long 
as  the  hind  femora;  hind 
femora  as  long  as  the  body, 

Pi».  163 -centAopiii/M  macautus,  fc-  three  and  a  half  timcsaslong 
male.  Original.  ^^  ^^^^ ^^  modcratcly  stout 

at  base,  and  with  no  raised  points  on  the  upper  or  inner  sur- 
face ;  outer  carina  with  about  thirteen  unequal  coarse  spines 
in  the  male,  and  minute  distant  inconspicuous  spinules  in 
the  female ;  inner  carina  with  similar  but  uniform  spines, 
none  so  long  as  on  the  outer  carina  (male)  or  with  afew  minute 
spinules  on  the  apical  half  (female),  the  intervening  sulcus 
not  very  broad.  Hind  tibiae  feebly  undulate  in  the  basal 
half  in  the  male.  Ovipositor  nearly  two-thirds  as  long  as 
the  hind  femora. 

Measurements. — Male:  Length  of  body,  14  mm. ;  pro- 
notum, 5  mm.;  fore  femora,  6.6  mm.;  hind  femora,  15.25 
mm.;  hind  tibiae,  16.25  mm.  Female  slightly  larger;  ovi- 
positor, 10  mm. 

This  is  our  most  abundant  species,  quite  common  under 
decaying  wood,  loose  bark,  and  under  stones.  It  is  illus- 
trated in  Fig.  163. 

Ceutbopbilus  Blatcblejri  Scudder. 
Dull  yellowish  or  reddish,  heavily  mottled  with  dark 
fuscous,  leaving  a  narrow  medio-dorsal  streak  on  pronotum; 
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the  flecking  is  made  tip  of  small  more  or  less  conflaent  dots, 
which  assume  a  certain  longitudinal  regularity  only  on  the 
abdomen ;  legs  varying  from  luteous  to  testaceous,  more  or 
less  infuscated.  Fore  femora  no  stouter  than  the  hind  fem- 
ora, much  less  than  half  as  long  as  the  fore  femora,  fully  a 
third  (male)  or  scarcely  a  fourth  (female)  as  long  again  as 
the  pronotum,  the  inner  carina  with  2-3  spines,  the  sub-ap- 
ical long.  Middle  femora  armed  on  the  front  carina  much 
as  in  the  fore  legs,  the  hind  carina  with  a  long  genicular 
spine  sometimes  accompanied  by  1-3  other  spines,  often 
minute.  Hind  femora  nearly  two  and  a  half  times  as  long  as 
the  fore  femora,  longer  than  the  body  in  both  sexes,  slender 
and  tapering,  nearly  the  apical  third  sub-equal,  three  and  a 
half  times  as  long  as  broad  in  the  male  and  fully  three  and 
three-quarters  in  the  female,  the  upper  portion  of  the  apical 
half  of  the  inner  surface  and  to  a  less  degree  the  upper  <ur- 
face  near  it  with  numerous  raised  points,  the  outer  carina  with 
wider  intervals  between  the  larger  spines  and  the  spines  less 
stout  (male),  or  with  2-3  scarcely  noticeable  spinules  near 
the  apex  (female),  the  inner  carina  with  about  12-14  serru- 
lations  unequally  placed,  slight,  less  numerous  and  dis- 
tinctly slighter  in  the  female  than  in  the  male,  the  interven- 
ing sulcus  only  moderately  broad.  Hind  tibiae  with  a  hardly 
noticeable  arcuation  or  sinuation  in  the  male,  hardly  (male) 
or  much  (female)  longer  than  the  femora,  slender,  armed  be- 
neath with  two  median  sub-apical  spines  besides  the  apical 
pair.  Hind  tarsi  about  two-fifths  as  long  as  the  tibiae,  the 
first  joint  longer  than  the  other  joints  together,  the  second 
much  more  than  twice  as  long  as  the  third  and  with  it 
longer  than  the  fourth.  Cerci  stout  at  base,  beyond  slender, 
about  as  long  as  the  femoral  breadth.  Ovipositor  straight, 
almost  two-thirds  as  long  as  the  hind  femora,  very  little 
enlarged  at  base,  tapering  almost  throughout  but  very 
gently,  the  tip  upturned  a  little  and  finelv  acuminate. 

Length  of  body,  13-13.5  mm.;  pronotum,  4.5-4.7  mm.; 
fore  femora,  male,  6.4  mm.,  female,  5.5  mm.;  hind  femora, 
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male,  15.75  mm.,  female,  13.5  mm.;  hind  tibite,  male  and 
female,  16.25  mm.;  ovipositor,  8.5  mm. 

Ceitthojibilus  lapitlicolas  Burmeister. 
This  species  is  closely  allied  to  macalatas,  but  differs 


Pig.  la^.—CMathapblloM  Impldicolot.  female.    Or<|lnal. 

from  it  in  the  st  \  1e  of  mottling  of  the  upper  surface,  and  in 
that  the  males  do  not  have  the  posterior  tibife  waved.  A 
female  is  shown  in  Fig  164. 

Ceathophilua  graciUpes  Hald. 
Ground  color  of  body  varying  from  lateous  to  dark 
castaneous,  very  heavily  marked  with  blackish  fuscous  so 
that  the  latter  is  often  the  prevailin;;  tint ;  the  darker  colors 
prevail  always  on  the  hinder  half  of  all  the  segments  but 
the  pronotum;  the  anterior  edge  of  the  dark  posterior 
markings  of  each  segment,  especially  in  the  front  portion  of 
the  body,  is  exceedingly  irregular  and  broken,  and  the  light- 
est parts  are  more  or  less  irregularly  clouded  with 
fuscous;  thefemora  are  usually  of  the  prevailing  tint  of  the 
body.  Autennffi  moderately  coarse  at  the  base,  tapering 
with  great  regularity,  3-4  times  the  length  of  the  body. 
Legs  very  long  and  slender.  Fore  femora  no  stouter  than 
the  middle  femora,  more  than  half  as  long  again  as  the  pro- 
notum, especially  in  the  male,  distinctiy  less  than  half  as 
long  again  as  the  fore  femora,  the  inner  carina  usually  with 
2-3  spines,  often  rather  long  in  old  individuals.  Middle 
^mora  with  3-4  spines  on  either  canna,  the  hind  carina  with 
a  not  very  long  genicular  spine.  Hind  femora  as  long  as  or 
longer  than  the  body,  considerably  more  than  twice  the  ' 
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length  of  the  fore  feinora»  very  stout  at  base,  but  gradually 
diminishing  in  stoutness  so  that  the  distal  third  is  slender 
and  sub-equal  and  the  whole  less  than  three  and  a  half  tim^s 
longer  than  broad,  the  surface  mostly  glabrous,  but  on  the 
darker  portions  above  beset  not  very  sparsely  with  feeble 
raised  point -«,  the  outer  carina  with  about  thirteen  distant 
unequal  rather  coarse  spines,  the  longest  shorter  than  the 
tibial  spurs  (male)  or  almost  unarmed  (female),  the  inner 
carina  much  less  elevated  than  the  outer,  with  equal  abor^ 
tive  denticulations  numerous  in  the  male,  infrequent  and 
equidistant  in  the  female,  the  intervening  sulcus  moderately 
broad. .  Hind  tibia  rather  slender,  straight,  nearly  a  sixth 
longer  than  the  femora.  Hind  tarsi  much  less  than  half  as 
long  as  the  tibiae,  the  first  joint  not  so  long  as  the  lest  to- 
gether, the  second  nearly  three  times  as  long  as  the  third 
and  with  it  fully  as  long  as  the  fourth.  Cerci  stout  at  base, 
tapering  throughout.  Ovipositor  with  the  basal  third 
rather  stout,  beyond  equal  and  rather  slender,  nearly  three- 
fourths  the  length  of  the  hind  femora. . 

Length  of  body:  Male,  19  mm.,  female,  23  mm.;  pro- 
notum,  male,  5.75  mm.,  female,  6.75  mm.;  tore  femora, 
male,  10  mm.,  female,  10.6  mm.;  hind  iemora,  male,  21.5 
mm.,  female,  22  mm.;  hind  tibiae,  male,  24.75  mm.,  £?male, 
25  mm.;  ovipositor,  15.5  mm. 

GENUS  TJdeopsylla  Scudder. 

Body  heavier  and  stouter  than  in  Ceutbopbilus^  with  a 
larger  head.  First  joint  of  antennae  larger  and  stouter  than 
the  rest,  as  broad  as  long,  compressed  anteriorly;  third 
joint  twice  as  long  as  second;  remainder  unequal;  eyes 
small;  sub-pyriform,  docked  on  the  antennal  border,  glo- 
bose; maxillary  palpi  rather  long;  first  and  second  joints 
equal  and  small ;  third,  more  than  equal  to  the  preceding 
together;  fourth,  little  more  than  half  as  long  as  third ;  fifth, 
a  little  longer  than  third,  somewhat  curved,  split  along  the 
whole  underside ;  as  in  Ceutbopbilus  the  pro-,  meso-  and  meta- 
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nota  nearly  conceal  the  epimera  of  the  thoracic  segments ; 
coz£e  differing  but  slightly  frotxi  Ceutbopbilus  ;  hind  femora 
very  heavy,  thick,  and  especially  broad;  in  the  males  the 
hind  femora  are  spined  beneath ;  the  fore  and  middle  femora 
are  shorter  and  heavier  than  in  Ceatbopbilas ;  tarsi,  with 
the  first  and  tourth  joints  equal  and  longest ;  second  and 
third  equal!  ^^^  small,  the  second  overlapping  the  third 
above ;  the  ovipositor  is  rather  short,  thick  at  base,  slender 
at  apical  half. 

Two  species  are  found  in  Minnesota. 

Body  piceous,  occasionally  with  faint  rufous  spots. 

nigra. 

Body  varying  in  color  from  dark  testaceous  to  mahog- 
any brown robusta 

Udeopsylla  nigra  Scudder. 

Shining  black,  with  a  faintly  indicated,  narrow,  reddish 
dorsal  line,  a  reddish  tinge  on  the  front  of  the  face,  the  basal 
half  oi  the  inner  surface  of  hind  femora  and  the  terminal  half 
of  the  ovipositor,  reddish.  The  hind  femora  of  the  male 
have  upon  either  edge  of  the  under  surface,  but  especially 
on  the  inner,  short  but  heavy  spines,  not  crowded ;  the  third 
tibiae  are  furnished  on  either  edge  of  the  upper  surface  with 
four  or  five  opposite,  long,  and  slender  spines,  between  each 
two  of  which  are  placed  three  or  four  suppressed  spines; 
there  is  a  single  row  of  short  spines  upon  the  under  surface, 
which  become  double  towards  the  tip;  the  inner  valves  of 
the  ovipositor  have  five  teeth,  growing  longer  and  more 
curved  towards  the  tip,  where  they  are  very  long  and  slender. 

Measurements. — Length  of  body,  20-23  mm. ;  of  hind 
femora,  female,  14  mm.,  male,  18  mm.;  of  ovipositor,  8.25 
mm.;  of  antennae,  25  mm. 

A  specimen  was  found  on  June  28  in  an  old  cellar  in 
Hamline;  others  in  the  Red  River  Valley  under  some  rubbish 
lodged  as^ainst  an  old  log. 
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Udeopsjrlla  robusta  Hald. 

"Uniform  dark  iuscous,  dorsum  and  upper  surface  of  the 
femora  sparsely  scabrous ;  feet  rather  short;  posterior  fem- 
ora of  female  tery  robust,  rather  suddenly  contracted  inferi- 

orly  at  the  extremity;  in- 
ferior margin  with  a  row  of 
robust  spines  upon  the  in- 
side; tarsi  tetramerous. 
Length  thirteen  lines." 

This  insect  is  by  no 
means  common,  but  a  few 
specimens  were  taken  near 
a  gopher  hole  in  a  small  prairie,  but  near  a  grove  of  trees. 
It  is  shown  in  Fig.  165. 

Among  the  curious  insects  which  are  from  time  to  time  in- 
troduced in  various  ways  from  other  countries,  one  species, 
illustrated  in  Fig.  166,  has  succeeded  -in  finding  a  new  home 
in  the  conservatory  of  the  State  University  at  Minneapolis. 


PiR.  165. — UdeopsylJa  robuata,  female. 
Original. 


Fig.  IQQ.—Dicatrammena  marmorata^  male.    Original. 

Prof.  0.  W.  Oestlund  has  kindly  furnished  the  following  note 
in  regard  to  it:  **  All  the  facts  that  I  can  obtain  regarding 
this  insect  (Fig.  166)  are  that  thev  have  been  now  in  the 
conservatory  for  the  last  three  years,  and  that  they  multiply 
freely.  They  were  at  first  noticed  in  connection  with  a  ship- 
ment of  plants  from  Florida,  consisting  mostly  of  the  Japan- 
ese Umbrella-plant.  There  was  also  a  great  deal  of  straw 
used  in  packing,  which  no  doubt  aided  in  the  transportation 
of  the  insect.    At  the  sa  Tie  time  there  also  appeared  a  cater- 
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pillar  very  destructive  to  ferns,  but  which  was  exterminated 
the  first  year."    The  latter  was  a  Florida  species. 

Df .  S.  H.  Scudder  has  kindly  determined  the  former  insect, 
and  he  pronounces  xtDiestramtnena  marmorata  (De  Haan)  of 
Japan.  This  instance  shows  how  easy  it  is  for  insects  to 
reach  new  quarters,  and,  if  these  should  suit  their  require- 
ments, to  find  a  new  home. 

FAMILY  VII.    Gryllidse. 

CRICKETS,  ETC. 

The  members  of  this  family  of  jumping  orthoptera  re- 
semble the  members  of  the  previous  family,  Locustidse^  in 
possessing  long,  slender  and  delicately  tapering  antennae; 
they  differ  from  them  in  the  form  of  their  wing-covers,  the 
number  of  joints  in  the  tarsi,  and  in  the  form  of  the  ovipos- 
itor. The  tegmina  in  the  Gryllidse  are  horizontal,  with  the 
outer  portion  bent  abruptly  downwards;  the  tarsi  are 
three-jointed,  with  the  exception  of  CBcantbus,  in  which  the 
hind  tarsi  are  four-jointed ;  and  the  ovipositor  is  usually 
lon>>  and  spear-shaped.  The  sexes  differ  greatly  in  structure, 
the  female  having  a  long  ovipositor  and  the  venation  of  the 
tegmina  simple,  while  the  male  has  the  veins  upon  the  hor- 
izontal part  of  the  tegmina  so  modified  as  to  admit  of  their 
being  used  as  a  musical  organ. 

Prof.  Scudder  uses  the  following  table  to  distinguish  the 
sub-families : 

SUB-FAMILIES    OF    GRYLLID^. 

A.    Tarsi  compressed,  the  second  joint  minute,  compressed. 

b.  Fore  legs  fossorial ;  female  without  ovipositor; 
tympanum  of  male  tegmina  (when  present)  with- 
out speculum ,.,.GrjrHotalpmas. 

bb.    Fore    legs   gressorial;     female    with    ovipositor, 
though  it  is  sometimes  rudimentary ;  tympanum 
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of  male  tegmina  (when  present)  furnished  with  a 
specukim. 

c.  Hind  tibise  biseriately  serratulate  but  not  spined, 
or,  if  spined  [Myrmccophila),  then  the  body  is 
sub-spherical  and  the  hind  femora  exceptionally 
gibbous ^ Myrmecopbilinx. 

cc.  Hind  tibise  biseriately  spined,  the  body  always 
sub-elongate,  with  relatively  slender  hind 
femora. 

d.  *  Hind  tibiae  rather  short,  armed  with  stout 
spines,  not  serrulate  between  them. 

Gryllinae. 

dd.    Hind   tibise    slender,    armed    with    delicate 
spines,  and  serrulate  between  them. 

CBcantbinx, 

AA.    Second  joint  distinct,  depressed,  corditorm. 

b.    Hind  tibiae  biseriately  spinose,  not  serrate,  the  apical 
spurs,  two  in  number  on  the  inner  side. 

Trigonidiinee. 

bb.    Hind  tibiae  biseriately  spinose  and  also  serrate,  the 
apical  spurs,  three  in  number,  on  both  sides. 

Eneopttrinas. 

The  sub-family  Gryllotalpinse  contains  two  tribes. 

A.  Head  furnished  with  two  large  ocelli;  fore  tibiae  dilated, 
markedly  digitate;  hind  femora  scarcely  saltatorial; 
tarsi  three-jointed Gryllotalpini. 

A  A.  Head  furnished  with  three  small  ocelli;  fore  tibiae 
scarcely  dilated,  three  to  four  spined  apically ;  hind 
femora  strongly  saltatorial ;  tarsi  uniarticulate  or 
aborted Tridactylini, 

GfiNUS  Gryllotatpa  Latreille. 

Head  oval;  thorax  convex,  sub-elliptical,  sides  rounded; 
body  rounded  and  about  twice  as  long  as  the  thorax ;    an- 
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terior  legs  very  stout  and  strong,  broad  and  flattened,  with 
two  spines  at  the  tip  and  a  movable  claw-like  organ  out- 
side, with  two  spines;  middle  legs  abort  and  slender;  bind 
legs  longer.  Wing-covers  about  half  as  long  as  the  abdo- 
men; wingshalf  as  long  or  longer  than  the  abdomen. 

Two  species  of  these  curious  insects  are  found  in  Minne- 
sota, but  both  are  rather  uncommon,  at  least  as  far  as 
inown. 

GryliotaJpa  borealis  Burmeister. 

THE    NORTHERN    MOLE-CRICKET. 

Cinnamon  brown,  covered  with  short,  fine  hairs  of  the 
same  color.  The  wing-covers  are  less  than  one-half  as  long 
as  the  abdomen,  and  the  wings  extend  a  little  beyond 
the  wing-covers.    Length,  about  30  mm. 

Fig.  167,  b,  shows  the  enlarged  claws,  from  the  side. 


Fij.  187.— Ol7//ot«l|MCo/BniW«:  «.  tide  view  of  Bnterior claw;  6,  the  i«me  of 
G.  bortMli:    Original. 

Gryllotalpa  Columbia  Scudder. 

THE    LONG- WING  ED    MOLE-CRICKET. 

Differs  but  slightly  from  borealis,  but  has  the  upper 
-wings  somewhat  longer,  and  the  hind  wings  extending  be- 
lond  the  tip  of  the  abdomen. 

This  curious  insect  is  shown  in  Fig.  167.  The  anterior 
claws,  Fig.  167,  a,  differ  but  little  from  those  of  G.  borealis. 
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These  fossorial  crickets,  like  the  members  of  the  follow 
ing  genus,  burrow  in  the  ground,  but  especially  the  former 
are  precminetly  burrowers.  Like  the  true  mole  they  are 
well  equipped  for  such  a  life.  Unity  of  habits  will  produce 
similar  modifications  in  the  organs  specially  needed,  and  the 
front  tibiae  of  the  mole-crickets  are  verv  similar  to  the 
broadened  hand-shaped  front  feet  of  the  mole,  or  of  the 
pocket-gopher,  because  they  are  used  for  the  same  purpose! 
Mole-crickets  live  in  rather  damp  places,  near  lakes,  ponds 
or  rivers,  where  they  form  long  channels  with  raised  ridges, 
which  resemble  a  miniature  mole-hill.  Some  of  their  bur- 
rows are  from  six  to  eight  inches  below  the  surface,  and  in 
making  them  the  roots  of  plants  above  are  greatly  injured. 
Mole-crickets,  though  they  feed  upon  tender  roots  of  plants, 
are  by  no  means  strictly  vegetarians,  but  devour  gi^eedily 
any  insect  they  are  able  to  catch.  In  fact  most  of  the 
members  of  Crickets  and  Long-horned  Grasshopers  are 
cannibals  whenever  an  opportunity  should  offer,  and  some 
eat  more  animal  than  vegetable  matter.  In  Europe  the 
mole-cricket  becomes  sometimes  a  very  serious  pest,  especially 
among  young  plants  of  trees  in  forest  nurseries.  In  the 
West  Indies,  dhd  in  Java,  other  species  are  very  destructive 
to  the  sugar-cane. 

Mole-crickets,  like  true  moles,  are  by  no  means  socia 
beings,  and  except  at  the  love  season  only  one 
adult  insect  is  found  in  each  burrow.  The  mother  de 
posits  from  200  to  300  eggs  in  a  round  cavity  deeper  in 
the  ground.  Wherever  mole-crickets  occur  they  are  not 
very  difficult  to  capture,  as  they  can  be  located  in  their 
burrows  by  their  songs.  Captive  specimens,  if  placed  on 
the  ground,  will  at  once  begin  to  dig;  if  put  on  a.  piece  of 
paper,  or  on  a  handkerchief,  they  invariably  go  through  all 
the  motions  of  digging.  Both  species  of  mole-crickets  are 
sometimes  attracted  by  lights. 
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GENUS  Tridactyltts  Oliver. 

Body  glossy.  Head  and  pronotum  convex;  eyes  oval; 
antennae  short;  wing-covers  not  reaching  the  end  of  the 
body;  wings  longer  or  shorter,  folded  lengthwise  like  a  fan. 
Anterior  tibiae  broad  and  flat,  armed  at  the  end  with  three 
spurs;  all  the  tarsi  very  slender;  posterior  femora  long  and 
broad,  with  a  rounded  shallow  depression  at  the  end. 
Body  narrower  than  the  thorax. 

Tridactyltts  terminalis  Scudder. 

Head  and  thorax  pitchy  black,  glossy,  sometimes  with 
reddish-brown  spots.  The  hind  femora  are  black  with  two 
white  spots  or  fasciae.  The  wings  reach  to  the  tip  of  the 
abdomen,  or  extend  a  little  beyond,  in  both  sexes.  Length 
about  7  mm. 

Tridactyltts  apicalis  Say. 
Body  deep  black,  head  and  thorax  with 
some  white  markings,  tegmina  with  outer 
edge  and  a  spot  behind  the  middle  white. 
Hind  femora  whitish,  with  three  faint,  dark 
cross  bars.  Wings  of  male  extend  3  mm.  be- 
yond tip  of  abdomen.    Length  8  or  9  mm. 

This  is  the  largest  species  occuring  in  the 
U.  S.    Only  a  single  specimen  was  captured 
Figies— TWd«ct.F-  as  late  as  Oct.  14  on  the  bank  of  a  little 

lus  apicalis.  Orig-  ,  .      .■•  -i   . 

*»ai.  stream  near  Ft.  Snelhng.    It  is  illustrated  in 

fig.  168. 

Tridactyltts  minttttts  Scudder. 

This  insect  has  not  been  found  as  yet  in  Minnesota,  but 
very  likely  occurs  here  as  well  as  further  south. 

The  generic  name  Tridactylus  is  based  upon  the  peculiar 
structure  of  the  anterior  tibiae,  which  are  much  dilated  and 
armed  at  the  end  with  three  strong  and  slightly  curved 
spurs.  The  insects  forming  this  genus  resemble  mole- 
crickets  in  form  and  general  appearance,  but  are  very  much 
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smaller  and  brighter  colored.  Like  the  mole  crickets  they 
burrow,  but  are  not  so  helpless  away  from  their  tunnels, 
as  they  can  jump  as  well  as  the  true  crickets.  It  is  not  easy 
to  capture  them,  as  their  power  of  leaping  is  so  marvelous 
that  they  seem  to  disappear  most  mysteriously,  the  eye  not 
being  able  to  follow  them  in  the  air. 

The  sub-family  Myruiecophilinte  is  represented  by  a 
single  genus  in  Minnesota. 

GENUS  Myrmecophila  Latreille. 

Besides  the  characters  already  given  in  the  table  this 
genus  is  distinguished  by  the  absence  of  compound  eyes; 
ocelli  present;  hind  femora  ovate;  hind  tibia  dilated,  with 
only  three  or  four  apical  spurs. 


Ptg.  lao.—MynntcopbllM  n 

No  doubt  a  number  of  species  occur  in  our  state.  The 
insects  are  found  only  in  the  nests  of  ants,  and  consequently 
are  not  readily  observed.  Yet  a  number  have  been  seen 
when  searching  for  other  insects  in  such  nests.  When  moving 
about  quietly  the  insects  resemble  very  closely  young  cock- 
roaches, also  found  in  similar  surroundings,  but  as  soOn  as 
disturbed  they  prove  the  usefulness  of  the  tremendoiis 
muscles  located  in  their  swollen  hind  femora.  Males  are 
exceedingly  rare,  in  fact  unknown  in  the  European  species. 
MyrtiKcopbila  nebrascensis  Brun.,  is  shown  in  fig.  169. 

The  sub-family  GrylUntB  contains  two  genera  in  Minne- 
sota. 
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A.    Hind  tibiae  furnished  with  long,  mobile,  pilose  spines; 
first  joint  of  hind  tarsi  unarmed  above  or  with  one 

row  of  serrations Nemobius. 

AA.    Hind  tibiae  armed  with  strong  fixed  spines;  first  joint 
of  hind  tarsi  sulcate,  with  two  rows  of  serrations. 

Gryllus. 
Most  crickets,  if  not  having  a  home  in  cracks,  in  walls, 
or  below  stones,  make  burrows  in  the  ground  in  which  they 
live.  The  eggs  are  laid  in  the  autumn,  and  usually  in  the 
ground,  after  which  the  greater  number  of  the  old  crickets 
die;  a  few  survive,  however.  The  eggs  hatch  quite  early  in 
the  spring.  The  insects  are  omnivorous,  feeding  upon  all 
kinds  of  decaying  matter  as  well  as  upon  living  plants,  hence 
must  be  classed  among  the  injurious  insects;  they  eat  also 
many  insects,  and  freshly  dropped  cow  dung  seems  to  be  es- 
pecially attractive  to  them.  Those  crickets  that  make  bur- 
rows in  the  ground  can  become  quite  injurious  by  exposing 
the  roots  of  plants  to  the  drying  influence  of  the  air. 

GENUS  Nemobius  Serville. 

Small  sized  species.  Head  and  thorax  with  compara- 
tively long  hairs;  first  and  second  joints  of  maxillary  palpi 
minute,  third  and  fifth  joints  of  about  equal  length,  fourth 
joint  smaller.  The  venation  of  the  wing-covers  of  the  female 
differs  from  Gryllus^  the  veins  running  longitudinally,  while 
in  Gryllus  they  run  obliquely  from  both  sides,  thus  forming 
lozenge-shaped  spaces  between.  Hind  tibiae  with  long  spines 
of  unequal  length.  Ovipositor  straight,  longer  or  shorter 
than  the  abdomen. 

Nemobius  fasciatus  DeGeer. 

SMALL  STRIPED  GROUND-CRICKET. 

Dusky  brown  to  almost  piceous,  with  head  and  thorax 
hairy;  the  wing-covers  and  legs  sometimes  paler.  On  the 
head  are  four  black  longitudinal  stripes,  which  are  only 
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faintly  visible  in  dried  specimens.  A  black  line,  also  on  each 
side  of  the  thorax,  continuous  with  a  line  of  the  same  color 
along  the  sides  of  the  wing-covers.  Body  above  black,  with 
indications  of  two  rows  of  pale  spots.  Underside  pale 
brown  with  a  broken,  blackish,  spot-like  stripe  on  each  side. 
In  the  male  the  pale  portion  of  the  under  side  of  the  body  is 
usually  reduced  to  a  stripe  along  the  middle.  The  ovipositor 
is  straight  and  pointed  obliquely  upwards,  and  is  about  as 
long  as  the  hind  femora.  Spines  on  tibia  of  hind  legs  rather 
long.  The  wing-covers  in  the  male  are  as  long  or  almost  as 
long  as  the  abdomen,  and  in  the  female  they  are  about  half 
as  long.  The  hind  wings  are  over  twice  the  length  of  the 
wing-covers,  and  project  beyond  like  tails. 
Length  from  9-11  mm.;  ovipositor,  8  mm. 

Nemobius  /asciatus,  form  vittatus  Harris. 

This  form  only  diifers  from  fasciatus  in  having  the  hind 
wings  aborted ;  in  color,  size  and  mark- 
ings it  is  the  same. 

It  is  very  abundant  in  open  woods 
and  meadows  near  by,  and  is  found  from 
July  until  severe  frost.  Even  in  early 
winter,  during  warm  days  and  in  sunny 
spots,  these  insects  are  active.  Like  the 
larger  insect  forming  the  genus  Gryllus 
they  are  chiefly  solitary  and  nocturnal, 
yet  may  be  seen  in  large  numbers  to- 
gether in  fields  and  during  the  day. 
They  are  very  pugnacious,  and  not 
alone  fight  among  themselves  but  sav- 
agely bite  a  straw  if  irritated  with  it. 
Especially  during  their  love  season  they  wig  no.— Nemobiaa  iksci- 

I  t        'a    t      •     1        /    atua,  form    vitt&tuBt  fc- 

are  very  quarrelsome,    and  pitch  into  \  male,    original.:^  i : 

each  other  while  keeping  up  a  constant  stridulation.  Prof. 
Scudder  gives  the  following  pleasing  account  of  the  sounds 
made  by  this  species,  which  is  shown  in  fig.  170: 
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**The  chirping  of  the  striped  cricket  is  very  similar  to 

that  of  the  black  field  cricket ;  and  may 
be  expressed  by  r-r-r-Uy  pronounced  as 
though  it  were  a  French  word.  The  note 
is  trilled  forcibly,  and  lasts  a  variable 
length  of  time.  One  of  these  insects  was 
once  observed  while  singing  to  its  mate. 
At  first  the  song  was  mild  and  frequently 
broken ;  afterwards  it  grew  impetuous, 
forcible  and  more  prolonged;  then  it  de- 
creased in  volume  and  extent  until  it  be- 
came quite  soft  and  feeble.  At  this  point 
the  male  began  to  approach  the  female, 
uttering  a  series  of  twittering  chirps;  the 
female  ran  away,  and  the  male,  after  a 
short  chase,  returned  to  his  old  haunt, 
singing  with  the  same  vigor  but  with 
more  frequent  pauses.  At  length  finding 
all  persuasions  unavailing,  he  brought 

his  serenade  to  a  close.'' 

Fig.  171  shows  another  Nemobias,  a  few  of  which  were 

found  in  Minnesota. 

Nemobius  exiguus  Scudder. 

THE  LESSER  STRIPED  GROUND-CRICKET. 

This  also  occurs  in  Minnesota,  and  is  found  in  company 
with  vittatuSf  from  which  it  may  be  known  by  its  much 
smaller  size,  lighter  color,  and  by  the  last  two  segments  of 
the  maxillary  palpus  being  white.  Its  ovipositor  is  much 
shorter,  being  only  one-half  to  two-thirds  the  length  of  the 
hind  femora,  whereas  in  vittatus  it  is  fully  as  long. 

Length  of  body,  male,  7  mm.,  of  female,  8  mm.;  of  hind 
femora,  6  mm.;  of  ovipositor,  3-4  mm. 

Nemobius  socitis  Scudder. 

A  few  very  small  crickets  were  captured  near  the  electric 
light  in  St.  Paul.  Prof  Bruner  pronounced  them  to  be  this 
species,  which  is,  however,  a  southern  one. 


Pig.  171. —Nemobius  spec, 
female.    Original. 
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GliNUS  Grylhs  Linnams. 
Body  short ;  head  large  and  globose ;  eyes  large  and 
rounded ;  antenns  thread-like,  longerthan  the  body ;  thorax 
broader  than  long,  about  as  wide  as  the  head ;  hind  femora  ■ 
powerful,  well  developed  and    adapted  for  leaping;   hind 
tibise  with  a  double  row  of  long  spines  growing  longer  to- 
wards the  tip;  anal  cerci  long  and  tapering;  ovipositor  as 
long  or  longer   than  the    abdo- 
men ;    wing-covers    as    long    or 
shorter  than  the  abdomen,  bent 
down  at  the  sides.    Wing-covers 
of  male  provided    with  a  well- 
developed     organ    for   stridula- 
tion ;  hind  wings  as  long,  longer 
or  shorter  than  the  abdomen, 
sometimes  aborted. 
Gryilus  abbreviatus  Serville. 
COUMOX  CHICKBT. 

Head,  thorax  and  body  shin- 
ing black.  The  legs  vary  from 
reddish-brown  to  pitchy-black. 
Wing-covers  fusco  -  testaceous- 
and  as  long  or  nearly  as  long 
as  the  abdomen.  Hind  wings 
shorter  than  the  wing-covers. 
The  ovipositor  is  very  long. 

Length,  18-23  mm.;  length 
of  ovipositor,  18-21  mm. 

Illustrated  in  Fig.  172. 

Gryilus  penasyhankus  Bur- 

meister. 

Wholly   shining,   jet    black, 

covered  with  a  very  fine  grayish 

pubescence  on  the   thorax,  legs 


/|^ 
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and  underside  of  body.  In  older  examples  this  pubescence 
becomes  abraded,  and  the  insect  is  then  very  glossjr.  The 
wing-covers  are  as  long  or  more  or  less  shorter  than  the 
body,  and  vary  in  color  from  ochraceous  brown  to  pitchy 
black.  The  hind  wings  are  shorter,  or  as  long,  or  extend 
considerably  beyond  the  wing-covers,  as  tail-like  projec- 
tions. 

Length,  10  to  20  mm.;  ovipositor,  12  to  15  mm. 

This  description  includes  a  number  of  forms  or  varieties. 
G.  luctuosas  Serv.  is  the  form  with  the  hind  wings  project- 
ing like  tails  beyond  the  wing-covers ; 
G.  neglectus  Scudder  is  the  form  with 
the  wing-covers  as  long  or  shorter 
than  the  abdomen  in  the  female  and 
as  long  as  the  abdomen  in  the  male; 
G.  nigra  Harris  is  the  form  with  a 
somewhat  shorter  ovipositor.  This 
insect  is  not  common  in  Minnesota. 

Fig.  173  shows  a  female  oiGryllus 
pennsylvaaicus,  and  Figs.  174  and 
175  both  sexes  oiGryllus  assimilis. 

No  doubt  other  species  occur  in 
our  fauna,  but  they  have  not  as  yet 
been  studied.  Many  of  the  immature 
crickets  hibernate  under  stones  and 
other  shelters;  if  they  are  placed  to- 
gether in  a  box  they  speedily  fight 
and  the  weaker  ones  are  eaten. 

There  is,  however,  an  European  species  that  is  getting 
too  common  in  some  houses,  so  that  complaints  are  made 
about  it  by  tenants.  This  is  the  European  House-Cricket, 
or  ^'Cricket  of  the  hearth.'' 


Pig.  173 — Gryllua  penxi' 
9jIvanicnSf  female,  origi- 
nal. 
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bold  IdKCta."  by  Dlv.or  BDtoniolog>,Dept.  A) 


Gryllus  dnmesticas  Linn. 
El-ROPEAN  HOUSE-CRICKET. 

Pale  brown,  with  chestnut-brown  markings  on  the  head 
and  thorax.  The  wing-covers  extend  to  the  end  of  the 
abdomen,  and  the  hind  wings  extend  considerably  beyond. 
It  is  illustrated  in  Fig.  176. 

Length,  21  mm.,  ovipositor,  12  mm. 

All  crickets  are  musicians,  that  is  the  males.  Prof. 
Comstock  writes:  "During  the  latter  part  of  the  summer 
and  in  the  autumn,  the  air  is  filled  with  the  cries  of  the 
crickets.  With  care  it  is  easy  to  observe  these  little  fiddlers 
calling    their    mates.     The   common    field-crickets  lurk    in 
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holes  in  the  ground  and  under  stones, 
or,  emerging  from  these  retreats,  run 
through  the  grass  in  search  of  food.  At 
the  season  indicated  above,  the  male 
crickets  spend  much  time  at  or  near  the 
entrance  of  their  burrows,  making  their 
peculiar  calls.  So  intent  upon  this  are 
they,  that  by  moving  quietly  one  can 
approach  sufficiently  near  to  watch 
them  carefully.  And  even  when  they 
are  disturbed  they  retreat  into  their 
holes  onlyfor  a  short  time, if  all  remains 
still.  At  night  they  can  be  observed  by 
meansof  a  lantern,  as  Hghtdoes  not  dis- 
turb them.  In  order  to  understand  the 
"''■  manner  of  making  these  calls,  it  is  neces- 

sary to  study  the  structure  of  the  tegmina,  which  in  the  males 
(Fig.  175,  b)  differ  greatly  from  the  simple  iorm  seen  in  the 


/ 


ol  Bntomolog;,  Uept.  Agrliulturt, 

female  ( Fig.  175,  si)."  As  has  been  mentioned  elsewhere,  only 
the  tegmina  of  the  males  are  used  to  produce  sounds.  When 
the  cricket  wishes  to  make  his  call,  he  elevates  his  tegmina 
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at  an  angle  of  about  forty-five  degrees  with  the  body;  then 
holding  them  in  such  a  position  that  the  scraper  of  one  rests 
upon  the  file  of  the  other,  he  moves  the  tegmina  back  and 
forth  laterally,  so  that  the  file  and  scraper  rasp  upon  each 
other.  This  throws  the  tegmina  into  vibration,  and  pro- 
duces the  call. 

Crickets,  and  especially  the  House  Crickets,  may  readily 
be  destroyed  by  taking  advantage  of  their  liking  for  sweet 
liquids,  and  any  vessel  containing  beer  or  other  fluids 
placed  about  will  usually  collect  and  drown  large  numbers 
of  these  insects.  They  can  also  be  killed  by  distributing  un- 
cooked vegetables,  as  ground-tip  carrots  or  potatoes,  which 
are  strongly  poisoned  with  arsenic.  Of  course  great  care 
must  be  exercised  in  the  use  of  ,any  poison  in  and  about 
dwellings. 

The  sub  family  CEcaathinae  is  represented  by  a  single 
genus. 

GENUS  CBcantbus  Serville. 

Thorax  elongated,  narrow,  sides  deflexed,  anterior  por- 
tion somewhat  narrower  than  the  posterior  portion.  An- 
tennae about  twice  as  long  as  the  body.  Hind  legs  long  and 
slender,  with  weak  spines  on  the  tibiae.  Wings  of  female 
wrapped  around  the  body.  Wing-covers  of  male  flattened, 
transparent,  much  firmer  and  broadl}*-  spread  out,  causing 
such  a  difference  of  appearance  between  the  two  sexes  that 
collectors  consider  them  frequently  widely  different  species. 

The  members  of  this  genus  are  well  known  insects,  usu- 
ally called  ** tree-crickets."  They  are  delicate  yellowish- 
green  or  greenish-white  insects  found  abundantly  about 
low  bushes  and  tall  plants.  They  are  strictly  arboreal. 
About  the  time  that  our  golden-rods  are  in  full  bloom 
these  insects  can  be  found  upon  almost  any  of  these  plants, 
and  usually  in  pairs.  They  remain  almost  motionless 
in  such  places  during  the  day,  but  become  very  active 
during     the    night.       Though     belonging    to     plant-feed- 
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ing  insects  they  prefer  in  reality 
other  insects,  and  especially  the 
injurious  plant-lice.  They  would, 
consequently,  belong  to  the  ben- 
eficial insects,  if  they  did  not 
possess  the  bad  habit  of  selecting 
the  cane  of  useful  plants  for  the 
purpose  of  inserting  eggs  into 
them.  The  female,  by  means  of 
lier  strong  ovipositor,'  thrusts 
her  eggs  into  the  pith  of  the  cane 
selected,  and  as  a  large  number 
of  eggs  are  thus  laid  side  by  side, 
as  shown  in  the  illustration  (Fig. 
177),  the  cane  is  usually  killed 
beyond  this  point,  and  if  the  in- 
sects are  at  all  numerous  great 
injury  can  be  caused.  Burning 
d.twiBshowiDk  paucturHi  b,tnig  thc  inlectcd  cane  earlv  m  spring 

■pllCopcnto  •how  ei:KB;  c,  ■  a\agie   .  ■.  .  " 

Ijtp  d.  cap  oT  fgj,  enUrKcd.  After  js  a  good  remedy. 
CEcanthus  alveus  DeGeer. 

THE  SNOWY  TREE-CBICKET. 

Wholly  pale,  ivory-white,  tinged  with  delicate  green,  with 
two  shghtly elevated  blackdotson  the  underside  of  each  an- 
tenna, one  on  the  first  and  one  on  thesecond  joint  (Fig.  178). 
Top  of  head  and  first  joint  of  antenna  usu- 
ally pale  yellowish-brown.  Tip  of  ovipos- 
itor black.  Wing-covers  almost  twice  as 
long  as  the  abdomen ;  hind  wings  as  long 
":  as  the  wing-covers.  The  maxillary  palpi 
'"■  are  longer  in  this  than  in  any  other  species 
of  the  genus,  and  the  wing-covers  of  the  male  broader  in 
proportion  to  their  length  than  in  any  other  except  latipen- 
nis.    Average  length,  from  head  to  end  of  wings,  16  mm,; 
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body,  11  mm.;  width  of  male  wing-covers,  6  mm.;  of  female, 
3  mm. 

This  is  one  of  the  most  abundant  of  our  tree-crickets,  and 
can  be  found  during  August  and  September  in  our  gardens  and 
orchards.  Even  if  not  seen  the  insect  can  not  escape  detec- 
tion, as  its  stridulation  is  very  shrill.  Though  usually  heard 
at  night  it  is  sometimes  also  heard  on  cloudy  days,  but 
only  faintly.  This  stridulating  is  continuous,  and  is  a  puls- 
ating sound  like  re-teat,  re-teat,  or  a-beat,  a-beat. 

The  female  ofniveus  cause  much  injury  by  ovipositing  in 
the  tender  canes  or  shoots  of  various  plants,  as  the  rasp- 
berry, grape,  plum,  peach,  etc.  Prof.  Blatchley  counted  no 
less  than  321  eggs  in  a  raspberry  cane  22  inches  in  length. 
The  eggs  are  laid  in  autumn  and  at  first  the  injury  is  shown 
only  by  a  slight  roughness  of  the  bark,  but  afterwards  the 
cane  frequently  dies  above  the  puncture,  or  is  so  much  injured 
as  to  be  broken  off  by  the  first  high  wind.  If  the  injured  and 
broken  canes  containing  the  eggs  are  collected  and  burned 
in  early  spring  the  number  of  Snow^^  Tree-crickets  for  that 
season  can  be  materially  lessened.  If,  however,  our  trees 
harbor  many  leaf-lice  it  is  best  not  to  apply  such  a  heroic 
treatment;  it  would  be  best  to  bring  the  canes  contaitling 
such  eggs  to  places  where  lice  abound;  as  these  crickets  pos- 
sess carnivorous  propensities,  they  can  be  utilized  to  greatly 
reduce  the  numbers  of  injurious  leaf-lice.  Miss  Mary  E. 
Murtfeldt,  of  St.  Louis,  Mo.,  has  given  a  most  interesting 
account  of  some  experiments  and  observations  with  this 
insect,  and  the  following  extract  is  given:  **S6me  leaves  of 
plum  infested  with  a  delicate  species  of  yellow  aphis  were 
put  into  a  jar  with  the  young  of  CEcantbas  niveus,  but  at- 
tracted no  immediate  attention.  As  twilight  deepened,  how- 
ever, the  crickets  awakened  to  greater  activity.  By  holding 
the  jar  against  the  light  of  the  window  or  bringing  it  sud- 
denly into  the  lamp  light,  the  little  nocturnal  hunters  might 
be  seen  hurrying  with  a  furtive,  darting  movement  over  the 
leaves  and  stems,  the  head  bent  down,  the  antennae  stretched 
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forward,  and  every  sense  apparently  on  the  alert.  Then  the 
aphides  provided  for  their  food  would  be  caught  up  one  after 
another  with  eagerness  and  devoured  with  violent  action  of 
the  mouth-parts,  the  antennae  meanwhile  playing  up  and 
down  in  evident  expression  of  satisfaction.  Unless  I  had 
provided  very  liberally  not  an  aphis  would  be  found  in  the 
jar  the  next  morning  and  the  sluggish  crickets  would  have 
every  appearance  of  plethora.'* 

CEcantbus  angustipennis  Fitch. 

Wholly  ivory-white,  rather  deeply  tinged  with  greenish ; 
wings  transparent  and  sometimes  with  a  pale  yellowish- 
brown  patch  on  top  of  the  head.    Head  and  prothorax  less 
/w  prominent,  and  the  latter  much  narrowed 

/45  anteriorly.     Antennae    with    two    elevated 

jrji^  black  marks  on  the  under  side,  the  one  at  the 

first  joint  hooked  at  the  base,  with  the  hook 
tbv%'  V^gZ^u^n^  turned  inward  and  the  mark  on  the  second 
"oiSi^oFa^'ntenVie^'  joiut  oblong.      (Fig.  179.)     Readily  distin- 

guished  by  the  narrowness  of  the  wing-covers 
of  the  male,  their  breadth  being  just  about  one-third  their 
length. 

Average  length  from  head  to  end  of  wing-covers,  14 
mm.;  body,  10  mm.;  width,  3.5  mm. 

This  is  not  a  common  species,  and  only  a  few  have  been 
collected  during  August.  It  seems  to  prefer  the  taller  trees, 
hence  is  not  readily  found.  Its  stridulation  is  very  different 
from  that  of  niVeus,  being  a  continuous  faint  reeeeeee',  last- 
ing about  five  seconds  and  terminating  abruptly,  with  an 
equal  interval  of  rest. 

CEcanthus  faciatus  Fitch. 

Two  forms  occur  in  Minnesota,  one  of  which  is  very  much 
darkerthan  the  other,  Thespecies  is,  readily  distinguished  by 
the  markings  on  the  first  two  joints  of  the  antennae.  As  seen  in 


FAMILY  VII.— GRYLLID^. 


A 


Flu,  1S2.— (Ec« 


Fig.  183.— (EcflB - 

IfiosftactiKui-tno 

Fijr.  180.  —  CBcmntbut        ba*sl  JolntB  of  sn- 

fuc&tui,  male.      Oiig-        tcnnfe    of  lUbt 

In&l.  rorm.    OdfiinaJ. 

the  illustrations  (Figs.  182  and  183)  these  markings  are  con- 
fluent in  the  darker variety.and  well  separated  in  the  lighter 
one.  This  cricket  is  always  darker  in  color,  varying  from  a 
deep  black  to  ivory-white  with  fuscous  markings.  Most 
specimens,  however,  are  greenish-white,  with  three  black 
stripes  on  the  head  and  pronotum,  and  a  broad  dusky  line 
along  the  center  of  the  abdomen  beneath.  The  wing-covers 
of  the  male  are  less  broad  in  proportion  to  their  length  than 
in  niveus;  while  the  ovipositor  is  longer  and  more  distinctly 
turned  upward  at  the  end.  Both  sexes  are  shown  in  Figs. 
180  and  181. 


FIk.  iBl.  —  CEcaat/ioM tkBclmtai,  ftmtile.    OriKianl- 

This  is  almost  as  common  as  the  "Snowy  Tree-cricket." 
Its  stridulation  is  a  long  and  comparatively  loud  continu- 
ous whir  often  lasting  several  minutes. 
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GBcantbas  latipeunis  Riley. 

Pale  yellowish-green,  with  the  wing-covers  very  much 
broader  in  the  male  than  in  any  other  species  of  the  genus* 
The  antennae  are  destitute  of  black  marks  on  the  underside 
of  the  first  two  joints,  which  are  characteristic  of  the  other 
species  of  OBcantbus.  The  basal  joints  of  the  antennae  (Fig. 
184)  and  the  top  of  head  are  of  a  distinct  pink  color.    The 

4  wing  covers  extend  considerably  beyond 

the   abdomen,  and   the   wings   in    the 
male  are  much  shorter  than  the  wing- 
covers,  and  in  the  female  about  as  long. 
Average  length  jfrom  head  to  tip  of 
^^,    _  wing-covers  of  male,  16.19  mm.:  width 

Pig.    184.— GBcAO-  ^^  '  ' 

baSluoSTti^of'an-     ^^  wmg-covcrs,.  7-8  mm.;  female,  14-17 
teana.  Original.  mm.;  width,  3-4  mm. 

This  is  quite  a  distinct  looking  insect,  easily  distin- 
guished by  the  pink  color  of  the  basal  joints  of  the  antennas 
and  top  of  head.  It  is  a  rather  uncommon  insect,  at  least  in 
places  visited  by  the  writer.  The  insect  prefers  low  plants 
in  damp  places. 

Upon  closer  search  it  is  very  likely  that  other  species  of 
these  interesting  insects  will  be  found.  As  a  general  rule 
different  species  do  not  inhabit  the  same  bushes  or  trees. 

The  sub-family  Trigonidiinss  is  also  represented  by  a 
single  genus. 

GENUS  Anaxipbus  Saussure. 

Somewhat  closely  allied  to  Nemobius  in  general  appear- 
ance,  but  differing  by  having  the  ovipositor  sabre-like  and 
curved  upwards,  with  the  end  compressed.  The  antennae 
are  very  long,  about  five  times  as  long  as  the  body,  and  the 
spines  of  hind  tibiae  are  of  equal  length.  Wing-coverg  of 
male  almost  encasing  the  abdomen,  with  a  round  glassy 
patch  on  top  near  the  end  of  the  wing.    Hind  wings  absent. 
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Fig.  185. — AaMJc^fboa  paUcMriua,  female.    Orisina]. 

Anaxiphus  pulkatius  Saussare. 

Head  and  pronotum  brick-red  in  color,  sparsely  clothed 
^th  long  hairs ;  wing-covers  and  legs  very  light  brown ; 
abdomen  and  ovipositor  darker. 

Both  sexes  are  wingless,  but  the  wing-covers  of  the  male 
are  well  developed,  fully  covering  the  abdomen,  while  those 
of  the  female  reach  but  little  beyond  its  middle.  The  cerci 
are  exceedingly  long,  tapering,  and  covered  with  fine  yellow 
hairs.  The  hind  femora  of  the  males  are  proportionately 
much  larger  than  those  of  the  females,  as  wnll  be  seen  b^^  the 
following  measurements :  Length  of  body ,  male,  6.5  mm.; 
female,  8  mm.;  length  of  posterior  femora,   male,  6.5  mm.; 


« 
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female,  6  mm.;    length  ofovipositor,  3.5  mm.;    of  aatennee 

of  male,  32  mm. 

This  insect  (Fig.  185)  has  twice  been  captured  among  the 

tall  weeds  near  the  Mississippi  River,  but  is  not  common. 

Its  habit  of  living  mostly  on  bushes  and  rarely  on  the  ground 

also  distinguishes  it  from  the  members  of  the  genus  Nemo- 

bias,  which  all  prefer  the  ground. 

The  sab-family  Baeopterina  is  represented  in  Minnesota  . 
by  one  genus  with  onespecies,  the  Orocbaris 
sa/tatorUhler(Fig.l86).  But  as  this  insect 
belongs  in  the  South,  whereit  inhabits  trees 
and  bushes,  it  is  doubtful  whether  it  really 
occurs  here  or  not.  The  table  of  sub- 
families gives  the  characters  of  the  genus, 
to  which  should  be  added  that  no  more 
than  two  oblique  veins  traverse  the  mediao 
area  of  the  tympanum  of  the  male  teg- 
mina,  and  are  found  in  the  proximal  potf 
tion  only,  and  that  the  fore  tibiae  pos- 
sess auditory  foramina  onbothfaces.  The 
insect  resembles  a  stout  brown  tree- 
cricket. 

Fig.  1S6.— Omeftarto 
■d/f s  eor.  remale.  Or- 
iginal. 


Fig.  187.— WeM-crfcfc 


EXPLANATIONS 

OF 

TERMS  USED  IN  TEXT. 

A. 

At  as  px^efix  of  a  word  means  wanting,  without. 

abbreviated^  shortened,  not  extending  to  the  extremity  of  a  given  part. 

abdomen,  posterior  part  of  the  body  (Fig.  21) . 

aborted,  imperfectly  developed. 

abraded,  scraped  or  rubbed  off. 

acuminate,  becoming  gradually  narrower;  tapering  to  appoint;  a  point 

lengthened  out. 
acutely,  sharp ;  sharply  pointed. 
adult,  grownup;  sexually  mature. 
adventitious,  accidentally;  casually  acquired. 
alarj  (ala,  alatus),  relating  to  wings  or  wing-like  parts. 
ampliate,  enlarged;  dilated. 
anal,  situated  at  or  near  the  anus. 

analogue,  differing  as  to  structure  but  of  similar  function. 
annulus,  annulation,  annulate,  a  colored  ring  around  a  body. 
ante,  a  prefix  meaning  before. 

antenna,  two  jointed  sense-organs  situated  on  the  head ;  feelers  (Pig.  21) . 
anterior,  anteriorly,  near  the  head;  situated  more  to  the  front. 
anus,  the  posterior  opening  of  the  alimentary  canal. 
apex,  the  terminal  poi  tion  of  any  organ  or  part  of  the  body. 
aphis,  plant-louse. 

apical,  apically,  applied  to  a  part  rising  at  the  tip  of  ajbody. 
apodemata,  apodema,  plates  of  chitine  supporting  internal  organs. 
appressed,  pressed  closely  against ;  fitting  closely  to. 
approximate,  near  to;  near  together. 
apterous,  wingless. 
arboreal,  living  on  or  among  trees. 
arcuate^  arcuation,  arched;  bowed. 
area,  areola,  areolate,  wing-cells;  cellules;  the  membraneous  spaces  between 

the  nervures. 
articulated,  divided  into  distinct  joints. 
auditory  organ,  ear;  hearing-organ  (Fig.  37,  38). 
attingent,  touching;  coming  in  contact  with. 
axillary,  arising  from  the  angles,  as  axillary  vein. 
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B. 

basaHa,  basal,  relating  to  the  base;  arising  frofn  the  base. 

bi6d,  deft;  cloven  in  two. 

bifarcate,-  a  part  not  over  the  half  of  its  length  divided  into  two  doll 

points. 
biaeriately,  in  two  series. 
ballate,  a  blister  (bulla) ;  blister-like. 


csscam,  csscal,  a  tube  open  at  one  end  only  (Pig.  40,  41). 

callositjr,  callosaa,  an  elevated  rounded  portion  of  the  sur£Eu:e,  generally 

smooth,  appearing  like  a  swelling;  an  elevated  substance  harder  than 

the  surrounding  matter. 
cantbas,  one  of  the  upper  and  lower  or  interior  and  posterior  extremities 

of  the  compound  eyes  of  insects. 
cardOf  cardines,  a  hinge  (Pig.  27) . 
cameOvs,  flesh-colored. 
carina,  carina,  a  keel  or  ridge. 

castaneous^  chestnut-brown;  bright  reddish-brown. 

cercus,  cerci,  the  appendages  issuing  from  the  sides  of  the  last  abdominal 
{I.  segment  (Pig.  38). 

cbitine,  the  corneous  substance  of  the  skin  of  an  insect.  • 

cimeter-sbaped,  like  a  short,  curved  oriental  sword. 
cinereouM,  ash-colored ;  gray  tinged  with  blackish. 
cfavate',  having  a  thickened^  club-like  extremity. 
clypcus,  a  part  of  the  head  (Pig.  22). 
6t>leopterous,  relating  to  beetles. 
colon,  largest  part  of  the  intestine  (Pig.  40,  41). 
coaBacnt,  running  into  each  other. 
concave,  when  the  surface  gradually  declines  toward  the  center,  which  thus 

becomes  the  deepest. 
convex,  when  the  surface  gradually  rises  toward  the  center,  which  thus 

becomes  the  highest. 
cordiform,  cordate,  heart-shaped. 
coriaceous,  leather-like,  tough  and  somewhat  rigid. 
corneous,  a  homy  substance ; .  resembling  horn. 
corpus  adiposum,  &tty  substance. 
costa,  median  carina  of  the  face;  also  the  front  margin  of.  wings  and 

tegmina. 
costa/,  anterior;  (margin  of  wing)  (Pig.  33). 
coxa,  the  globular  or  oblong  basal  piece  of  the  leg  (Pig.  35).   >     . 
crest,  a  sharp  ridge.  .    .  , 

cristate,  with  a  prominent  longitudinal  carina  on  its  upper  surface. 
Cfliiicfrica/,  a  round  body,  equally  thick  throughout. 


368'  EXPLANATIONS  OF  TERMS  USED  IN  TEXT.' 

D. 

decUvent,  steep;  precipitotts. 

decurvedf  bowed  downwards. 

deBexedf  bent  downwards. 

depressed,  pressed  downwards;  more  or  less  flattened  vertically. 

dentate t  fhmished  with  a  tooth  or  teeth.- 

denticnlatjons,  with  tooth-like  notches. 

dicbromatism,  the  quality  of  possessing  two  color  varieties. 

digitate,  finger-like. 

dilated,  distended. 

dimorphic,  existing  in  two  forms. 

discoidal  area  (Fig.  page  156).^ 

r7i«lb|  the  middle  of  a  surface ;  the  surface  within  the  margins. 

distal,  farthest  distant,  opposite  of  proximal. 

diurnal,  active  during  the  day. 

dorsal,  pertaining  to  the  upper  surface. 

dorsum,  the  upper  surface  or  back  of  thorax,  abdomen,  etc. 

E. 

elliptical,  elongate-oval. 

elongate,  more  stretched  than  usual. 

elytra,  the  win^-covers ;  tegmina ;  anterior  or  upper  wings  (Fig.  33). 

emarginate,  emargination,  edged;  notched;  terminating  in  an  acute  notch 

attip» 
embryo,  the  living  being  within  the  egg  (Fig.  5) . 
ensiform,  sword-shaped. 
epicranium,  the  upper  part  of  the  head,  from  the  front  to  the  back  (Fig. 

22). 
epimera,  narrow  or  triangular  pieces  at  the  sides  of  the  under  surfiice  ol 

the  thorax  (Fig.  31). 
episterna,  large  pieces  just  in  front  of  the  epimera  (Fig.  31). 
excavate,  having  a  depression. 
extruded,  thrust  out ;  expelled. 
exuded,  discharged  slowly,  through  pores,  etc. 

F. 

iacets,  the  surface  of  the  ocelli  of  the  compound  eye. 

Ascia,  fasciae,  transverse  bands  or  broad  lines. 

fystigium,  the  extreme  point  of  the  front  or  apex  of  the  head  when  it  is 

produced  in  a  conical  prominence. 
fauna,  the  animals  of  a  locality. 
iemota,  the  thighs  (Fig.  35). 

ienestrated,  with  transparent  spots  like  small  windows. 
iertuginous,  rusty-brown ;  brownish-red  with  some  yellow. 

Bliform,  slender,  thread-like.  / 

Bssure,  crack;  crevice.  f 

f 
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Sabeflate,  fan-shaped. 

ffarous,  yellow  like  a  lemon  or  like  sulphur. 

ibramiaa,  foramen^  opening  at  an  apex ;  small  openings. 

fossa,  a  deep  pit  or  depression  serving  for  the  point  of  attachment  of  an 

organ  (Pigs.  22,  30,  31). 
ibssorialf  fit  or  used  for  digging  or  burrowing. 
foveola,  a  cavity  or  small  depression  (Pig.  page  156). 
^ont,  irons^  the  upper  forward  part  of  the  head  (Pig.  40). 
Ih>0ta7/ relating  to  the  front. 
fuliginous^  sooty;  dark  brown  with  a  little  red. 
fulvous,  tawny,  or  light  yellowish-brown. 
furcula,  the  process  of  the  last  abdominal  segment  of  the  male. 
^scous,  dark  brown ;  a  plain  mixture  of  black  and  red. 
fusion,  union. 

G. 

galea,  helmet;  a  dilated,  unarticulated,  membraneous  piece  of  the  maxilU 

(Fig.  27). 
ganlion,  ganglia,  a  nervous  mass  or  enlargement  (Fig.  40). 
gena,  cheek  (Pig.  22). 

genicular,  knee-jointed;  bending  abruptly  in  an  obtuse  angle. 
genicular  arc,  a  curved  dark  marking  on  the  posterior  knee-joint. 
^iii£a/ciramiE>er  (Fig.  38.) 
gibbous,  protuberant ;  marked  with  elevations. 
glabrous,  smooth  or  polished,  not  hairy. 
glaucous,  whitish-blue,  inclining  to  gray. 
globose,  like  a  ball. 
gressorial,  fitted  for  walking. 
griseous,  light  gray  (white  and  black). 
gula,  throat,  concave  portion  below  the  head. 

H. 

hemispherical,  shaped  like  half  a  ball. 

hexagonal,  six  sided. 

hibernate,  to  pass  the  winter  in  seclusion  or  sleep. 

host,  the  individual  furnishing  food  to  a  parasite. 

humeral,  situated  on  or  near  a  humerus  or  anterior  comer  of  the  thorax 

or  wing-cover. 
hyaline,  transparent  with  a  greenish  tinge. 

I. 

ilium,  small  intestine  (Pig.  41). 

imago,  an  adult  insect. 

immaculate,  not  marked. 

incrassate,  thickened;  swollen  at  some  particular  point. 

included,  hidden  partly  or  entirely  (the  opposite  of  extruded). 

infra-ocular,  below  the  compound  eyes. 
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mfntnaUt  clouded  slightly  with  brownish-black ;  shaded  as  if  with  smoke.  ^^ 
inhtscated,  clouded  with  brown :  darkened  with  a  fuscous  shade  or  cloud. . 
inglavieB,  crop  (Fig,  41 1.. 
mpscufate^  tou^ite.    .  . 

iaiegttzaentf  outer  covering ;  skin. 
mtercalary  vein  (Fig.  on  page  155) . 
intemalt  inside. 
interspace,  space  between, 

|.  •  '.     • 

joints,  segments ;  places  of  union. 

..■-•,  L. 

labial  palpuSy  (Fig.  26).' 

labium,  lower  lip  (Fig.  26). 

labrum,  upper  lip  (Fig.  22). 

lacinia,  the  cutting  portion  of  the  maxilla  (Fig.  27) . 

mditk,  a  callous  plate ;  a  hard,  slightly  elevated  surface. 

lanceolate,  lance-shaped. 

larva,  the  stage  in  the  existence  of  an  insect  following  the  egg-stage. 

lateral,  laterally,  situated  on  the  side. 

lateral  lobes  of  the  pronotnin,  the  deflexed  portions  that  cover  the  sides  of 

thorax. 
Bgala,  superior  part  of  the  labium  (Fig.  26). 
Uoe,  one-twelfth  of  an  inch. 
Uaear,  very  slender. 
longitudinal,  lengthwise. 
loxenge-sbaped,  rhomb-shaped. 
luteous,  unmixed  yellow ;  color  of  clay. 


»  ■ 


maculate,  spotted ;  marked  with  spots. 
malpbigbian  tubes,  (Fig.  41). 
maiMii^/e,  hard  and  homy  jaws  (Figs.  22,  25). 
xoar^/na/,  situated  on  or  near  the  margin.     . 
marginate,  with  an  elevated  margin. 
marmorate^  marbled;  veined  like  marble. 

ma^iila,  (Figs.  &,  27). 

maxillary  palpi,  (IPigs,  22,  27) . 

median,  medial,  occupying  tht  middle. 

mediastine,  being  in  the  middle. 

membrane,  membraneous,  a  thin  tissue;  consisting  of  a  thin  tissue. 

mentum  (Fig.  26). 

mesial,  mesially,  median ;  middle ;  dividing  into  two  equal  parts. 

mesonotum,  the  upper  or  ^orsal  surface  of  the  mesothorax  (Fig.  32) 

mcsostemam,  .the  under  surface  of  the  meso thorax  (Fig.  30). 

mesothoracic  epimeron,  (Figs.  30,  31).  p 
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meaotboracic  epistenm,  (Figs.  30,  31). 

tnesotboraxj  the  middle  part  of  tlie  thorax,  to  which  the  wing-coyen  and 

middlepairof  legsareattadied  (Figs..30,:31,B2)t        .     .^.,, 
metftfaorpbosis,  chaj^ges  an  insect  nndei^oea  (Figs.  42,  43). 
metanotum,  the  upper  or  dorsal  surface  of  the  metathorax  (Fig.  32). 
metaatemum,  the  under  surfe^ce-pf  the  metathorax  (Fig.  30). 
metaatetbia.  metathorax.   - 
metatboraxy  the  posterior  part  of  the  thorax,  to  which  the  wings  and 

hind  pair  of  legs  are  attached  (Figs.  30,  31,  32). 
mctaatomaf  tongue. 
metatboracic  epimeroBt  (Fig.  30,  31). 
mctatboraoic<ipiateroaf  (Fig.  30,  31). 

metaxoDa,  the  posterior  part  of  thepronotum  (Fig.  on  page  156). 
millimeter  {mm.),  the  thousandth  part  of  a  meter,  equal  to  0.03937  inch, 

or  nearly  %5  inch. 

"    N.       • 

oebttloua,  clouded ;  with  uneven,  cloudy  markings. 

aervea,  the  large  riba  or  veins  of  wing  and  wing-covers,  extending  from  the 

.base  towards  the  apex, 
nervulea,  the  smaller  connecting  veins  of  the  wings  and  wing-covers. 
noctumaJ,  active  at  night. 
aympbf  an  immature  insect  active  and  feeding  in  the  larval  and  pupal 

stage. 

o. 

ohconic,  conical,  with  the  vertex  pointing  downward. 

obHqae,  slanting. 

obloDgj  with  the  transverse  diameter  much  shorter  than  the  longitudinal. 

obsolete,  no  longer  functionally  ajctive.    , 

obtuaetobtvsely,  hlxmt. 

ocbraceous,  brownish-yellow ;  of  the  colorof  ochre. 

qcellr,  ocellua,  the  three  simple  eyes  (Fig.  22) . 

occiput,  back  part  of  head  (Fig.  40).  ■.  ■  ■    * 

op^aopbagas,  parage  for  food  to  digestive  tract  (Figs.  40,  41). 

omnivorous,  eating  everything  eatable. 

odtlieca,  a  case  enclosing  eggs  (Fig.  61).     /       .     , 

opaque,  \\dthout  any  lustre ;  impenetrable  by  light  rays. 

oriSce,  an^pening.        •       .       .    .     . 

oval,  egg-shaped.  ^  ,       ,  / 

otvario/es,  ^one  of  the  ovarian  tubes  or  glands  of  which  a  composite  ovarium 

may  be  composed, 
of^te,  cgg-phapedv-  ..       ..  ;  ,      "/ 

ov/cfuct,  the  pa/^age,, through  which  tbeeggs reach  the  outside.  * 

p(i7pofi/tor,.  the  i^fig^li /or  depositing  eggs  (Fig.  39). 
ovipos/tion,  the  act  of  laying  eggs  (Fig.  3).  ^ 
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P. 

paiSid^  paJlesccDty  pale  or  whitish-yellow. 

pAlpif  palpae,  articulated  and  moTable  organs  attached  to  the  maxilla^ 
and  mandibles  (Fig.  26). 

palpigert  a  process  bearing  a  palpns  (Fig.  26). 

pantberine,  with  markings  like  those  of  a  panther. 

parasite,  an  animal  which  grows  and  lives  upon  another. 

patellar,  pertaining  to  the  patella  or  knee<:ap. 

pectus,  the  breast  or  under  surface  of  the  thorax. 

pellicle,  a  thin  skin  or  film. 

pellucid,  transparent ;  translucent,  but  not  necessariHy  colorless. 

penis,  the  genitals  of  the  male  (Fig.  40) . 

pentagonal,  five-sided. 

percurrent,  running  through  the  entire  length. 

piceous,  piceus,  pitchy ;  the  color  of  pitch. 

pigment,  coloring  matter. 

pilose,  having  long,  sparse  hairs. 

pit,  a  pronounced  cavity. 

plane,  a  level  surface  destitute  of  elevations  or  depressions. 

pleurite,  lateral  sclerites  which  connect  the  tergites  to  the  stemites  (Figs. 
31,36). 

plicate,  having  parallel  raised  lines;  plaited  or  folded. 

plumbeous,  pale  blue-gray,  like  lead. 

podical  plates,  two  plates  (Pigs.  38,  39). 

polygonal,  many  sided. 

post,  a  prefix  meaning  behind. 

posterior,  behind  in  position. 

post'Scutellum,  (Figs.  28,  32). 

prescutum,  anterior  division  of  a  thorax  (Fig.  28). 

process,  an  outgrowth  from  the  body  of  a  sclerite. 

pronotum,  the  shield  which  covers  the  fi-ont  part  of  the  thorax  (Fig.  28). 

prosternum,  the  under  surface  of  the  thorax  (Fig.  30) . 

prosternal  spine,  a  spine  projecting  from  the  underside  of  the  thorax  (Figs. 

28,29). 
protborax,  the  anterior  division  of  the  thorax  to  which  the  head  is  joined 

(Fig.  28). 
proventriculus,  gizzard  (Fig.  41). 
proximal,  nearest ;  opposite  of  distal 

proxona,  the  anterior  dorsal  part  of  the  pronotum  (Fig.  page  156). 
pubescent,  covered  with  soft,  short,  and  not  crowded  hair,  wool  or  down. 
punctate,  punctured ;  containing  numerous  small,  point-like  depressions  or 

punctures, 
pupa,  pupal,  the  second  state  of  an  insect  after  leaving  the  eg^  (Fig.  l,f): 
pulviUi,  pulvillus,  the  little  pads  between  the  claws  (Fig.  35). 
pyloric,  relating  to  the  opening  from  the  stomach  to  the  intestine  (Fig.  41). 
pyriform,  pear-shaped. 
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R. 

radial  rein,  (Pig.  page  155). 

rectum,  posterior  pact  of  alimentarj  canal  (Pig.  40). 

reticulate,  with  net-like  veins  or  markings. 

retrorse,  pointing  backward. 

roseate,  rosaceous,  rose-red ;  a  pale  blood-red. 

rudimentary,  not  sufficiently  dcTcloped  to  be  of  use. 

rufous,  rufescent,  reddisht 

rugose,  rugosity,  ragee,  wrinkled ;  wrinkles. 

S. 

salivary,  relating  to  saliva ;  secreting  or  conveying  saliva. 

saltatorial,  fitted  for  leaping. 

scabrous,  covered  with  small,  slight  elevations ;  rongh  like  a  file. 

scraper,  a  part  of  the  stridulating  organ  (Pigs.  46,  48). 

scrobes,  pits  or  depressions  in  which  are  placed  the  bases  of  the  antennae. 

scutel.um,  the  third  division  of  a  thoracic  tergite  (Pigs.  28,  32). 

scutum,  the  second  division  of  a  thoracic  tergite  (Pigs.  28,  32) . 

sebiBc,  fat-secreting. 

segment,  ring-like  division  or  joint. 

semi,  a  prefix  meaning  half. 

serrate,  saw-toothed. 

serrations,  teeth  like  a  saw. 

serrulate,  finely  serrate ;  having  minute  serrations. 

setaceous,  bristle-shaped. 

sbrilling  organs,  (Pig.  48) . 

sinuate,  indented ;  cut  into  a  series  of  deep  sinuses  with  a  wavy  border. 

sinus,  a  curvilinear  indentation,  more  or  less  profound ;  an  excavation  as 
if  scooped  out. 

solitary,  single. 

spatulate,  paddle-shaped. 

speculum,  a  mirror-like,  transparent,  shining  surface  on  the  tegmina  of 
male  grasshoppers  and  crickets  used  as  a  sounding  board  (Pig.  45). 

spermatbeca,  a  receptacle  for  semen;  the  seminal  receptacle  in  the  female 
insect. 

spinose,  armed  with  spines. 

spittulose,  furnished  with  spinules  or  diminutive  spines. 

spiracle,  an  external  opening  of  the  respiratory  system. 

spurs,  the  strong  spine  at  the  apex  of  the  tibiae. 

squamaeform,  shaped  like  a  scale. 

sternal  plate,  the  ventral  plate  of  a  b6dy  segment. 

sternum,  the  ventral  part  of  a  body  segment. 

stipes,  the  second  joint  of  the  maxilla  (Pig.  27). 

stridulate,  to  make  a  shrill  sound ;  to  grate,  scrape  or  creak  with  the  strid- 
ulating organs. 

style,  a  small  non-articulated  process  near  base  of  abdomen. 
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atyliform,  shaped  like  a  style. 

sub,  a  prefix  meaning  nearly;  almost;  somewhat;  under,  etc.  It  signifies 
either  that  the  term  is  not  ^exactly  ap^liciabte'in  its  Sttict  sense  und 
that  it  must  be  understood  with  some  latitttde,  6t  that  t)ie  object  de- 
scribed occupies  an  inferior  position,  i.  e.  lower  than  some  other  object. 

salxostal  rein,  (Fig.  33).  i       • 

sub-median  vein,  (Fig.  33).  •   ' 

anbalAte,  awl-shaped. 

sulcate,  grooved ;  fiirrowed ;  marked  with  broAd,  concave,  pc^rallel  lines. 

salens,  a  linear  groove  or  channel ;  a  groove-like  excavatibn. 

supra,  a  prefix  meaning  above. 

sutare,  a  seam  or  impressed  line ;  generally  used  in  reference  to  the  junction 
of  two  pieces  or  plates. 

X. 

tarsal,  tarsi,  {tsusal),  the  jointed  foot  (Figs.  21,  35). 

tectiform,  ridged  in  the  middle  and  sloping  down  on  each  side. 

tegmina,  the  elytra,  fore  wings,  upper  wings  or  wing-covers  (Fig.  33) . 

tegument,  any  natural  covering  or  envelope. 

tempora,  temples ;  the  sides  of  the  head  just  in  firont  of  the  eyes.  • 

tergite  (tergum),  the  dorsal  part  of  a  body  segment  (Fig.  36) . 

testaceous,  duU  yellowish-brown ;  tile  or  brick  colored. 

testes,  glands  secreting  seminal  fluids  (Fig.  40). 

tetramerous,  having  four  joints  as  the  tarsus  of  some  insects. 

thorax,  the  part  of  the  body  of  an  insect  to  which  are  fastened  wings  and 

legs  (Fig.  21). 
tibia,  tibia,  the  part  of  the  leg  between  the  thigh  and  the  foot  (Figs.  21, 
.      35). 

trachea,  trachea,  air-tubes. 
translucent,  transmitting  very  little  light. 
transparent,  transmitting  light. 
transverse,  crosswise. 
iricarinate,  having  three  keels  or  carina:. 
triquetral,  with  three  flat  sides. 
trochanter,  the  second  joint  of  the  leg  TFig.  35) . 
truncate,  cut  ofl"  square  at  the  tip. 
tubercle,  a  little  solid  pimple  or  excrescence.. 
tuberculate,  covered  with  tubercles. 
tumid,  tumescent,  slightly  inflated. 
tympanum,  the  membrane  closing  the  ear  (Fig.  37). 

•  • 

unarmed,  without  a  spine. 

vzasrticn/ate,.  having  but  one  joint ;  single-jointed.  ^ 

ungues,  the  curved  hooks  terminating  the  tarsus  (Fig.  35). 

ulnar  vein,  (Fig*  on  page  155). 
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V. 

vagina,  a  sbeath-like  plate  enclosing  an  organ. 

valgate^  enlarged  at  the  bottom;  club-footed. 

valves^  four  horny  appendages  forming  the  ovipositor  (  Figs.  2,  39). 

ve/n,  nerves:  ribs  of  a  wing  (Fies.  33,  34). 

veinletSy  nervules;  very  small  cross- veins  of  the  wings. 

vena  radiah'Sy  ( Fig.  on  page  155 ) . 

venation,  method  of  distribution  of  veins  (Figs.  33,  34). 

venter,  the  inferior  portion  of  the  abdomen  composed  of  sternites. 

ventral,  pertain insr  to  the  under  surface  of  the  abdomen. 

ventriculus,  stomach  (  Fig.  41 } . 

vertex,  the  front  portion  of  the  upper  surface  of  the  head  between  and 

in  front  of  the  eyes  (Fig.  40). 
viscid,  covered  with  a  slimy,  sticky,  or  greasy  matter. 
vitta,  a  band:  a  streak  or  t»tripe,  of  color  or  texture;  a  fascia. 

W. 

wing-covers,  front  wings;  elytry;  tegmina  (Fig.  33). 
wing-pads,  undeveloped  wings,  as  in  the  pupa  or  nymph. 
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SUMMARY  OP  INVESTIGATIONS  FROM  1888  TO  1898. 


HARRY  SNYDER. 

Nature  of  the  WorA.— When  the  Minnesota  Experiment 
Station  was  established  in  1888,  experiments  relating  to 
the  culture  of  sugar  beets  were  inaugurated.  On  account  of 
the  unusual  interest  which  is  now  being  taken  in  the  beet 
sugar  industry,  it  has  been  deemed  advisable  to  include  with 
the  report  of  the  experiments  conducted  during  the  past 
year  a  brief  summary  of  the  investigations  of  the  past  ten 
years.  In  giving  the  report,  it  has  been  the  aim  to  give  in* 
formation  along  such  lines  as  the  letters  received  from  the 
farmers  of  the  State  have  indicated  that  information  i« 
desired. 

What  is  the  Sugar  Beet  .^— How  does  it  differ  from  our 
ordinary  garden  beets  ?  Originally  the  two  kinds  of  beet« 
were  identical,  but  by  careful  cultivation  and  selection  of 
seed  the  sugar  beet  has  been  raised  from  its  former  condition 
until  it  now  contains  from  15  to  18  per  cent  of  sugar.  In 
the  development  of  the  sugar  beet,  the  different  types  have 
been  built  up  in  the  same  general  way,  by  breeding  and  select 
tion,  as  have  the  different  breeds  of  cattle.  The  sugar  beet 
is  a  type  of  a  highly  developed  plant. 

In  order  to  produce  sugar  beets  of  the  best  quality,  the 
conditions  must  be  favorable  as  to  climate,  soil,  and  rain* 
fall. 

Climate  — The  sugar  beet  is  not  like  the  sugar  cane,  a 
tropical  plant,  but  it  is  a  temperate  zone  plapt.  Raising 
sugar  beets  in  Minnesota  is  not  an  unreasonable  undertak- 
ing. A  study  of  the  climatic  conditions,  of  the  best  sugar 
beet  sections  of  Europe  shows  that  the  sugar  beet  thrives 
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best  when  the  average  summer  temperature  is  70°  F.  A  zone 
of  100  miles  on  either  side  of  the  70th  isotherm  is  considered 
lEis  being  the  ideal  climate  for  sugar  beets.  A  map  prepared 
by  the  U.  S.  Department  of  Agriculture  from  the  records  of 
the  weather  bureau  shows  the  70th  isotherm  as  entering  the 
State  a  little  south  of  St.  Paul,  then  curving  north  and  leav- 
ing the  State  at  about  the44th  parallel.  As  to  climate,  Min- 
nesota is  in  the  natural  sugar  beet  belt. 

Soil. — The  sugar  beet  thrives  best  on  a  loam  soil  which 
contains  a  fair  amount  of  sand.  The  subsoil  should  contain 
a  fair  amount  of  clay,  so  as  to  be  able  to  store  up  a  good 
supply  of  water.  A  high  knoll  or  a  low.  wet  place  should 
tocver  be  selected  for  sugar  beets.  Beets  should  never  be 
grown  on  shallow  breaking  or  on  new  land.  A  soil  after 
it  has  been  cultivated  to  a  grain  crop  for  a  few  j-ears  and  is 
beginning  to  get  out  of  condition  for  grain  is  in^good  condi- 
tion for  beets.  For  the  sugar  beet,  do  not  select  the  very 
richest  nor  the  very  poorest  land.  The  sugar  beet  crop  is 
extremely  sensitive  to  its  surroundings.  If  the  soil  is  too 
rich,  the  crop  does  not  ripen  properly,  the  beets  grow^  to  an 
immense  size  and  produce  but  little  sugar. 

The  Experiment  Station  has  analyzed  a  great  many 
beets  which  have  not  been  grown  on  the  right  kind  of  soil. 
In  table  No.  XLV,  sample  No.  2865,  was  grown  on  muck 
land ;  the  per  cent  of  sugar  it  is  to  be  observed  is  very  low. 
Other  examples  of  unsuitable  soils  used  can  be  observed  from 
the  same  table.  The  mechanical  and  chemical  composition 
of  soils  from  different  parts  of  the  state  are  given  in  bulletins 
Ho.  30  and  41. 

In  nearly  every  part  of  the  state  there  is  good  loam 
boil,  resting  on  a  clay  subsoil,  which  is  well  suited  to  sugar 
beet  culture. 

l?aio/a//.— For  sugar  beet  production  there  should  be 
Ian  annual  rainfall  of  at  least  25  inches,  and  30  inches  is  not 
an  excessive  amount.  The  amount  of  water  required  to 
knature  a  crop  of  sugar  beets  depends  largely  upon   the 
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nature  of  the  soil,  and  the  cultivation  which  the  crop  re^ 
ceives.  If  the  soil  is  well  stocked  with  water  in  the  spring, 
and  the  crop  gets  a  good  start,  it  will  be  able  to  mature 
during  a  dry  season.  During  the  unusual  season  of  1894 
the  last  rain  during  the  growing  season  was  May  8;  at  the 
Experiment  Station  the  sugar  beet  crop  stood  the  drought 
much  better  than  the  potato  crop.  A  dry  fall  is  the  most 
favorable  for  the  maturing  of  the  crop.  With  an  abundance 
of  rain  in  the  fall  the  beets  do  not  mature  properly.  The 
rainfall  in  nearly  every  part  of  the  state  is  well  suited  to 
the  production  of  this  crop.  In  fact  the  three  most  essential 
conditions  for  the  production  of  sugar  beets  of  the  bestqual* 
ity,  viz:  soil,  climate  and  rainfall,  appear  to  be  properly  met 
in  this  state. 

Beets  Grown  at  the  Experiment  Station. — During  the 
past  eight  years  the  beets  grown  at  the  Experiment  Station 
have  shown  a  general  average  of  15.55  per  cent  sugar,  and 
a  purity  coefficient  of  85.8.  No  commercial  fertilizers  have 
been  used  in  any  of  the  general  culture  experiments.  It  has 
been  the  aim  to  have  the  conditions  as  nearly  normal  as 
possible.  While  the  general  average  for  the  experiment 
station  beets  has  been  15.55  per  cent  sugar,  the  best 
methods  of  cultivation  have  shown  a  sugar  content  of  over 
17  per  cent.  While  it  is  possible  for  a  single  sample  of  sugar 
beets  to  test  as  high  as  20  or  22  per  cent  of  sugar  it  is  seldom 
that  an  entire  field  will  be  found  with  so  high  a  yield.  The 
figures  given  represent  the  average  per  cent  of  sugar  in  the 
beet  juice.  In  all  of  the  tests  five  beets  were  selected,  and  in 
no  case  has  the  sugar  content  been  determined  from  only 
one  beet.  By  selecting  only  the  very  best  beets  for  the  test, 
instead  of  selecting  average  beets,  it  would  have  been  poS"* 
sible  to  have  obtained  figures  at  least  5  per  cent  higher  than 
those  given. 

Parity  Coefficient — By  the  coefficient  of  purity  is  meant 
the  per  cent  of  solid  matter  in  the  juice,  in  the  form  of  sugar. 
A  purity  coefficient  of  85  means  that  85  per  cent  of  the  solid 
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matter  in  the  juices  is  sugar.  A  low  purity  coefficient  is  due 
fo  the  presence  of  a  large  amount  of  solids,  not  sugar,  in  the 
juice.  A  beet  testing  15  per  cent  sugar,  with  a  purity  co- 
efficient of  85,  contains  17.65  per  cent  of  solid  matter  in  the 
juice.  15  of  the  17.65  parts,  or  approximately  85  per  cent, 
18  4Bugar. 

For  sugar  making  purposes  the  beet  juice  should  contain 
12  per  cent  sugar,  and  possess  a  purity  of  at  least  80.  The 
average  per  cent  of  sugar  in  the  juice  for  each  year  has  been 
as  follows: 

Snurar.  No.  of 

Y«Ar.  Percent.    Parity.    Samplei. 

1890 13.2  81.1  12 

1891 15.  83.3  108 

1892 14.9  86.3  73 

1893 16.4  «5.2  10 

1894 17.4  87.6  10 

1895 16.6  86.5  10 

1896 15.6  82.4  10 

1897 16.3  S5.6  128 

.Average 15.55     85.8     361 

The  results  for  a  number  of  years  are  always  more  satis- 
factory and  valuable  than  the  results  for  only  one  year. 
During  the  eight  years  that  the  beets  have  been  grown  at 
the  Experiment  Station  there  have  been  no  losses  from 
drought,  blight,  or  early  frosts.  Compared  with  our  ordi- 
nary farm  crops,  sugar  beets  appear  to  be  a  perfectly  safe 
crop  to  grow.  This  fact  is  an  important  one  to  consider 
because  in  many  sections  of  the  United  States  hot  winds, 
extreme  drought,  and  heavy  wind  storms  are  factors,  which 
vary  from  year  to  year,  and  might  result  in  frequent  and 
heavy  losses. 

Factory  Tests  — In  addition  to  raising  and  annalyzing  the 
beets,  the  Experiment  Station  has  also  sent  them  to  the  sugar 
factory  at  Grand  Island.  Neb.    In  the  fall  of  1892  a  car  load 
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of  sugar  beets  was  sent  to  the  Oxnard  Sttgar  Beet  Factory, 
and  paid  for  on  the  basis  of  the  sugar  present.  President 
Oxnard  wrote  the  following  lettter  regarding  the  beets: 

** Feb.  24. 1893. 
*'  Director  Experiment  Station,  St.  Anthony  Park,  Minn. 

"Dear  Sir: — ^In  reply  to  your  favor, I  will  say  that  your 
beets  were  most  excellent  in  every  respect,  both  as  to  size 
and  quality.  If  this  kind  of  beets  can  be  grown  on  a  large 
scale  there  is  no  doubt  whatever  of  the  adaptability  of  the 
soil  in  your  neighborhood  to  the  growth  and  development 
of  sugar  beets.  The  test  showed  14.9  per  cent  of  sugar 
with  a  high  purity  co  efficient. 

'*  Very  truly  yours, 

"Henry  T.  Oxnard." 

No  better  indorsement  of  sugar  beets  could  be  given,  as 
Mr.  Oxnard  is  president  of  two  or  three  large  sugar  beet 
factories  in  another  State,  and  the  Minnesota  sugar  beets 
were  paid  for  at  the  factory  on  their  merits.  The  year  that 
these  beets  were  sent  to  the  factory,  the  average  of  73 
tests  at  the  station  was  14.9  per  cent  sugar,  purity  86.3. 
The  results  were  published  in  bulletin  No.  27  about  a  month 
before  the  receipt  of  the  letter.  It  is  to  be  observed  that  the 
laboratory  tests  and  the  factory  tests  of  these  same  beets 
were  identical. 

Beets  from  other  parts  of  the  state  have  also  been  sent 
to  the  beet  sugar  factories.  In  1892,  Mr.  Max  Wittgas,  a 
German  sugar  beet  expert,  spent  the  season  in  Ailokacounty 
and  vicinity  conducting  experiments.  Some  of  the  beets 
grown  under  his  supervision  tested  as  high  as  19  per  cent 
sugar.  He  reported  the  conditions  for  sugar  beet  culture 
in  this  state  as  very  favorable.  Two  carloads  of  beets 
were  sent  to  the  Nebraska  factories. 

Beets  Grown  in  DiAerent  Parts  of  the  State, — There  have 
been  about  a  thousand  samples  of  sugar  beets  raised  by 
farmers  in  different  parts  of  the  state,  which  have  been  sent 
to  the  Experiment  Station  for  analysis.     Including  the  beets 
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grown  at  the  experiment  station  the  general  average  of  the 
entire  state  for  the  years  1888  to  '98  has  been: 

Sugar,  per  cent 14.22 

Purity,  coefficient 81.2 

Total  No.  samples  tested 1351 

The  average  record  for  each  year  is  as  follows: 


1888 


1890 


1891 


1892 


1893 


Average  per  ceat  Bugar 

Average  pnrit  j  coefficient... 

Highest  sugar  content 

No.  samples  tested 


1S.4 

12.9 

14.1 

15. 

83.1 

79.6 

80.1 

84.6 

20.3 

17.9 

20.4 

19.1 

111 

55 

465 

185 

15.2 

84.4 

1^.4 

15 


1897 


Average  per  cent  sugar 

ATcrage  fnirity  coefficient. 

Highest  svgar  content 

No.  samples  tested 


17.2 

15.6 

13.7 

86.6 

85.6 

81. 

19.4 

20.6 

18.2 

14 

22 

25 

15. 
83.1 
18.3 
303 


In  many  cases  the  samples  sent  to  the  Experiment  Sta- 
tion for  analysis  were  overgrown  and  abnormal.  A  very 
prevalent  idea  is,  the  larger  the  beet  the  higher  the  per  cent 
of  sugar.  This  is  erroneous.  Large  beets  weighing  4, 5  and 
6  pounds  invariably  contain  less  sugar  than  beets  weighing 
2  or  3  pounds.  Many  have  insisted  upon  sending  the  very 
largest  beets  for  analysis.  Poor  cultivation  and  poor 
sampling  have  undoubtedly  caused  the  results  to  be  lower 
than  they  should  be  to  represent  the  average.  Notwith- 
standing the  fact  that  many  of  the  beets  were  grown 
under  poor  conditions,  and  poorly  sampled,  the  results  are 
high. 


CONDITIONS  WHICH  AFFECT  THE  SUGAR  CONTENT 

OF  THE  CROP. 


Deep  Plowing'  Essential, — ^In  order  to  produce  beets  of 
best  quality  for  manufacturing  purposes,  the  land  must  be 
plowed  deep.  With  shallow  plowing  the  beets  develop 
forked  roots  and  grow  above  ground,  which  result  in 
lowering  both  the  per  cent  of  sugar  and  the  purity  coef- 
ficient. Figure  No.  188  shows  a  group  of  beets  which  have 
been  grown  on  shallow  plowing.  In  table  No.  XLV.  will  be 
found  results  from  shallow  plowed  land.  Observe  No.  2866 
where  the  beets  were  planted  on  unplowed  corn  land  with 
the  result  of  11  per  cent  sugar,  and  a  purity  co-efficient  of 
70.  No.  2901,  shallow  plowing  produced  beets  with  10 
per  cent  sugar,  while  beets  produced  from  deep  plowing 
yielded  16  per  cent  sugar. 

Deep  plowing  is  the  first  essential  for  the  production  of 
beets  with  a  high  sugar  content. 

Manuring. — The  manuririg  of  the  sugar  beet  crop  re- 
quires careful  consider-ation.  Raw  stable  manure  should  not 
be  applied  directly  to  the  land  unless  the  land  is  in  a  low 
state  of  fertility.  A  heavy  application  of  manure  produces 
a  rank  growth,  poor  in  sugar.  It  is  better  to  manure  the 
sugar  beet  land  the  preceding  year.  In  a  number  of  in- 
stances heavy  manuring  has  resulted  in  lessening  the  per 
cent  of  sugar.  Mr.  George  McPherta  of  Mankato,  grew 
sugar  beets  on  three  different  kinds  of  land,  with  the  follow- 
ing results: 

Sugar.     Pvrity. 

Old  clay  land,  highly  manured 11.9     79.2 

New  timber  land 11.8     72.4 

Sandy  loam 14.2     82.3 

A  light  application  of  commercial  fertilizers  to  the  sugar 
beet  crop  is  not  so  objectionable  as  stable  manure. 
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Position  in  Rotation  and  Draft  on  Soil. — Sugar  beets  may 
follow  a  grain  crop,  as  oats,  provided  that  the  stubble  has 
been  fall  plowed.  In  order  to  prod  ace  the  beets  economically 
the  land  should  be  free  as  possible  from  weed  seed.  Sugar 
beets  may  follow  a  com  crop  which  has  been  manured.  It 
IS  iM>t  desirable  to  have  sugar  beets  follow  potatoes.  At  the 
present  time  but  few  of  the  soils  in  this  state  require  manur- 
ing in  order  to  produce  sugar  beets;  in  a  few  years,  however, 
manure  will  be  required.  Sugar  beets  remove  about  the 
same  amount  of  fertility  from  the  soil  as  the  potato  crop. 

Depth  oi  Planting.-— T\it  seed  should  not  be  planted  too 
deep.  Our  best  results  at  the  Experiment  Station  have  been 
obtained  where  the  seed  was  planted  one*half  to  three-quar- 
ters of  an  inch.  When  the  seed  is  planted  too  deep  the 
plants  are  unable  to  prodtice  a  normal  amount  of  sugar. 
No.  2902  is  an  excellent  example  of  the  efifects  of  deep  plant- 
ing. The  seed  was  planted  five  inches  in  a  rich  river  bottom 
soil.    The  result  was  10  per  cent  sugar. 

Distance  Between  Rows. — At  the  Experiment  Station 
the  best  results  have  been  obtained  when  the  beets  were 
planted  in  rows  18  inches  apart,  and  the  beets  4  to  5  iJiches 
apart  in  the  row.  The  distance  between  the  rows  depends 
largely  upon  the  condition  of  the  soil.  If  the  soil  is  in  a 
high  state  of  productiveness  close  planting  i9  more  essential 
than  if  the  land  is  in  a  low  state  of  productiveness.  With  a 
poor  soil  there  is  not  enough  plant  food  to  support  a 
heavy  crop  and  the  beets  should  be  farther  apart.  With 
average  soil  closer  planting  is  necessary  in  order  to  prevent 
the  beets  from  growing  too  large.  In  the  experiments  for 
1897  the  highest  results,  18.5  per  cent  sugar,  and  92.5 
purity,  were  obtained  from  beets  planted  in  rows  eighteen 
inches  apart  and  four  inches  apart  in  the  row.  The  lowest 
results  we:e  obtained  when  the  rows  were  30  inches  apart 
and  the  beets  10  inches  apart  in  the  row.  The  diflFerence  was 
decidedly  in  favor  of  the  close  planting.  Our  experience  last 
year  has  emphasized  ihe  fact  that  close  planting  on  a  good 
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soil  gives  the  best  results.  It  is  moie  essential  that  the  beets 
be  close  together  in  the  row,  than  that  the  rows  lie  cfaae  to- 
gether. When  the  rows  are  too  iar  apart  it  gives  about  the 
same  result  experienced  with  the  outside  row;  of  any  crop. 
No.  2880  is  an  excellent  example  of  what  follows  from  hav- 
ing the  beets  too  far  apart,— -a  large  beet  with  a  low  per 
cent  of  sugar  and  purity.  Many  of  the  beets  which  have 
been  sent  in  to  the  station  have  been  grown  in  rows  3.6 
inches  or  more  apart.  Some  of  the  beets  look  well,  but  when 
cut  open  they  are  found  to  be  hollow,  coarse  and  pulpy,  and 
when  analyzed  they  are  deficient  in  sugar.  Shallow  plowing 
and  planting  in  wide  rows  have  been  the  two  greatest  fac- 
tors which  have  reduced  the  results.  Deep  plowing  and  close 
planting  should  be  the  rule. 

Date  of  Seeding  and  Quantity  of  Seed  Per  Acre.— The 
metd  should  be  sown  at  about  the  same  time  as  com. 
It  is  not  wise  to  sow  the  seed  as  early  as  April  1st  because 
the  young  plant  will  be  too  weak  to  produce  a  full  harvest 
of  su^ar.  Later  seeding  is  preferable.  May  15th  to  25th, 
depending  upon  the  season,  are  safer  dates  forseeding.  Seeds 
were  sown  at  the  Experiment  Station  last  year  (1897)  at 
three  diflFerent  dates,  May  15,  May  27  and  June  5.  When 
the  beets  were  tested  Sept.  21  there  was  practically  no  dif- 
ference as  to  the  maturity.  The  plots  planted  June  5  con- 
tained as  much  sugar  as  those  planted  at  earlier  dates.  The 
past  season  was  however,  an  unusually  late  one.  It  may 
require  two  weeks  or  longer  for  the  beets  to  get  well  out 
of  the  ground.  The  seed  should  be  sown  at  the  rate  of  18 
to  20  pounds  per  acre.  The  object  of  the  heavy  seeding  is 
to  guard  against  Ibsses  from  poor  seeds  and  insects,  and  to 
obtain  a  thick  stand  of  young  beets  so  as  to  have  a  good 
stock  to  select  from  when  the  beets  are  thinned  out. 

Cultivation. — The  cultivation  should  begin  as  soon  as 
the  beets  are  well  started.  If  the  land  is  weedy  the  cultiva- 
tion must  be  started  before  the  beets  are  up.  In  thinning 
the  beets  iti  the  row,  it  should  be  the  aim  to  save  the  vigor- 
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ouS  plants  rather  than  to  have  the  beets  exactly  4  or  6 
inches  apart  in  the  row.  If  for  example  at  the  four  inch  dis- 
tance there  should  be  a  sickly  yellow  plant  while  at  the.  six 
inch  space  there  is  a  rich  green  vigorous  one,  weed  out  the 
four  inch  sickly  one  and  save  the  healthy  six  inch  one.  The 
weeding  between  the  rows  can  be  done  with  a  horse  hoe 
provided  you  have  a  small  sure  footed  animal  that  can 
walk  between  the  18  or  20  inch  rows.  The  work  between 
the  beets  in  the  row  must  be  done  by  hand.  In  fact  there 
is  a  g^eat  deal  of  hand  hoeing  in  raising  sugar  beets.  The 
beets  must  be  kept  free  from  weeds,  otherwise  the  crop  will 
not  develop  the  requisite  amount  of  sugar.  As  a  general 
rule,  the  better  the  cultivation  the  higher  the  per  cent  of 
sugar  in  the  crop.  The  sugar  beet  crop  responds  generous- 
ly to  good  cultivation.  Sample  No.  2881  was  from  a 
quarter  acre  plot  on  which  had  been  expended  only  20 
minutes  labor.  The  beets  contained  11.7  percent  sugar. 
The  sugar  beet  crop  can  not  be  neglected  and  allowed  to 
shift  for  itself. 

The  cultivation  should  be  kept  up,  at  intervals  of  a 
week  or  ten  days,  until  about  the  first  of  August,  or  the 
15th  of  August,  if  the  season  is  backward,  or  if  there  is  a 
drouth. 

Length  of  Growing  Period,— \t  takes  from  100  to  110 
days  for  a  sugar  beet  crop  to  mature,  depending  upon  the 
season  and  the  variety  of  beets.  If  the  beets  are  seeded 
May  20th  they  will  be  ready  for  the  factory  about  Sept.  10th, 
they  will  however  test  the  highest  about  October  15th. 
The  crop  is  not  killed  by  a  light  frost.  Cool  weather  is  very 
desirable  for  maturing.  If  the  fall  should  be  hot  and  rainy 
the  beets  will  continue  their  growth  which  will  result  in  a 
lower  sugar  content. 

Maturity, — When  the  beets  are  ripe  the  outer  circle  of 
leaves  turn  yellow,  while  the  central  leaves  have  a  yellowish 
tinge.  As  soon  as  the  beet  has  matured  it  should  be  har- 
vested to  prevent  a  second  growth.    In  harvesting  a  furrow 
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is  plowed  close  to  the  row  so  as  to  loosen  the  beets,  and  they 
are  then  removed  by  hand.  The  cro-wn  or  top  is  then  re- 
moved with  a  sharp  knife  and  the  beet  is  freed  as  much  as 
possible  from  dirt.  If  any  part  of  the  beet  has  grown  above 
ground  it  should  be  removed  with  the  crown.  The  beets 
may  be  taken  directly  to  the  factory  or  put  in  piles  or  pits 
and  kept  in  the  same  way  as  potatoes.  Freezing  and  thaw- 
ing of  the  beets  ruins  them  for  sugar  making  purposes.  Spe- 
cial machinery  has  been  devised  for  harvesting  the  crop 
where  sugar  beet  culture  is  made  a  regular  industry. 

Sampling  for  Analysis,— ¥rom  five  diflferent  parts  of  the 
plot  take  one  or  two  average  beets.  Select  beets  which  are 
perfectly  ripe  and  those  which  have  grown  entirely  under 
ground.  Do  not  select  any  beets  weighing  more  than  three 
pounds.  Beets  weighing  two  pounds  are  preferable  to  the 
very  large  ones.  Beets  weighing  over  three  pounds  are 
usually  rejected  at  the  factory.  Send  five  or  ten  beets  in  a 
box  or  basket.  Send  either  by  fast  freight  or  express,  unless 
otherwise  directed.  Label  the  box,  Experiment  Station,  St. 
Anthony  Park,  Minn.  If  sent  by  freight,  ship  to  Minnesota 
Transfer,  Minnesota.  Put  your  name  and  address  on  the 
box.  The  express  or  freight  charges  must  be  prepaid  or 
arrangements  made  with  the  railway  companies  for  free 
transportation.  No  charge  will  be  made  for  the  analysis. 
A  report  will  be  sent  as  soon  as  the  beets  are  tested. 

The  Station  desires  to  keep  a  complete  record  of  all  sam- 
ples tested,  and  in  order  to  make  the  record  complete  the  fol- 
lowing questions  should  be  answered : 

1.  Date  of  planting. 

2.  Source  of  seed. 

3.  Size  of  plot. 

4.  Character  of  soil. 

5.  How  Deep  was  the  ground  plowed  ? 

6.  How  much  cultivation  did  the  beets  receive  ? 

7.  Distance  between  rows. 

8.  Distance  between  the  beets  in  the  row. 
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9.    Total  weight  of  beets  raised  on  plot.     - 

10.  What  proportion  of  the  beets  were  under  3  pounds 
in  weight? 

11.  How  much  labor  expended  on  plot  ? 

12.  Date  of  harvest. 

13.  What  crop  was  raised  on  the  land  the   preceding 
year? 

14.  How  much  rain  was  there   during   the   growing 
season  ? 

15.  Are  you  favorably  impressed  with  your  experience 
in  raising  sugar  beets  ? 

16.  Name  and  address. 

Cost  of  Production, — From  the  most  reliable  reports  re- 
ceived from  farmers  who  have  raised  sugar  beets  it  appears 
that  from  12  to  15  days'  labor  must  be  spent  on  an  acre  of 
beets.  The  cost  of  the  seed  and  the  team  labor  makes  the 
total  cost  from  $30  to  $35  per  acre.  If  the  land  is  very 
weedy  the  cost  of  production  is  greater.  In  order  to  raise 
an  acre  of  sugar  beets  about  $30  worth  of  labor  must  be 
expended.  The  beets  yield  on  an  average  about  14  tons  per 
acre.  In  exceptionally  good  years  the  yields  have  been  as 
high  as  20  tons  per  acre.  During  poor  years  the  yields  are  as 
low  as  8  tons  and  even  less  per  acre.  It  costs  on  an  average 
about  $2.25  to  raise  a  ton  of  beets.  The  prices  paid  for 
beets  at  the  factory  vary  from  $4.00  to  $4.50  per  ton,  de- 
pending upon  the  quality  of  the  beets.  President  Oxnard,  in 
regard  to  the  cost  of  production,  writes:  **The  farmers 
supplying  our  factories  at  Grand  Island  and  Norfolk  receive 
all  the  way  from  $20  toj$100  per  acre  for  their  crop  of r  beets, 
and  I  should  say  that  the  average  cost  of  raising  an  acre  of 
beets  was  from  thirty  to  forty  dollars.  So  you  will  see  that 
some  made  as  high  as  fifty  to  sixty  dollars  per  acre,  while 
others  actually  lost  money  growing  beets.'* 

An  acre  of  beets  is  as  much  as  any  one  should  attempt 
the  first  year.  Two  acres  of  sugar  beets  well  cultivated  and 
kept  clean  means  a  good  deal  of  labor.    Where  there  is  no 
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market  for  the  cr6p,  there  should  not  be  more  than  a  quarter 
acre  raised  for  experimental  purposes.  Where  stock  is  kept 
the  feeding  value  of  the  quarter  acre  of  beets  will  more  than 
repay  the  labor  expended  in  producing  the  beets.  When 
properly  used  sugar  beets  are  a  most  excellent  crop  for  dairy 
and  all  kinds  of  stock. 

How  Does  the  Sugar  Beet  Crop  ''Fit  In''  With  Other 
Farm  Work^, — The  main  work  of  weeding  comes  in  June  and 
July.  This  is  usually  a  time  when  the  ordinary  farm  work 
is  not  so  pressing.  The  main  work  comes  after  seeding  is 
well  over  and  before  harvest  time.  With  good  management 
the  sugar  beet  crop  can  be  made  to  fit  in  well  with  other 
farm  crops  so  as  to  make  an  even  distribution  of  labor  dur- 
ing the  summer.  The  time  for  harvesting  and  marketing 
however,  comes  when  there  is  an  ample  supply  of  fall  work. 

How  Many  Beets  Would  It  Require  to  Supply  a  Fac-^ 
tory? — An  ordinary  sugar  beet  factory  would  require  from 
200  to  300  tons  of  beets  per  day.  President  Oxnard  states 
that  **a  factory  should  run  at  least  75  days''  per  year. 
"You  ought  to  have  a  guaranty  of  at  least  2,000  acres  be- 
fore attempting  to  locate  a  beet  sugar  factory."  An  aver- 
age beet  sugar  factory  will  produce  hrom  3,000to  5,000  tons 
of  sugar  per  year,  varying  with  the  capacity  of  the  factory 
and  the  length  of  the  working  season.  A  sugar  beet  factory 
will  require  from  25,000  to  30,000  tons  of  beets  per  season. 
The  usual  price  paid  for  beets  ranges  from  $3.75  to  $4.50 
per  ton.  In  a  locality  where  a  sugar  beet  factory  is  located 
from  $100,000  to  $120,000  are  annually  paid  for  beets. 

According  to  statistics  compiled  by  the  U.  S.  Department 
of  Agriculture,  there  are  annually  consumed  in  the  United 
States  2,000,000  tons  of  sugar.  About  10  per  cent  of  this 
amount  is  produced  in  this  country,  while  90  per  cent  is  im- 
ported. The  amount  of  beet  sugar  produced  is  about  35,000 
tons.  According  to  these  figures  it  would  require  about  14 
beet  sugar  factories  to  supply  the  State  of  Minnesota  with 
sugar. 
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Importance  of  Producing  Good  Beets.—- There  is  nothing 
gained  by  sowing  a  row  or  two  of  sugar  beets  in  some  neg- 
lected corner  of  a  field  and  having  the  beets  analyzed. 
By  so  doing  an  injustice  is  done  to  the  locality.  When  beets 
are  grown  for  a  sugar  factory,  a  contract  is  signed  to  the 
effect  that  the  beets  will  be  cultivated  in  a  certain  way, 
which  is  practically  the  method  outlined  in  this  bulletin. 
There  have  been  so  many  experiments  made  with  sugar 
beets  that  it  is  onljr  a  waste  of  time  and  energy  for  any  one 
to  attempt  to  produce  them  according  to  some  preconceived 
idea  or  notion.  Table  XLV  shows  the  results  of  neglecting 
to  observe  the  necessary  conditions  of  cultivation;  the 
reader  will  observe  that  the  violation  of  the  essential  con- 
ditions for  cultivation  is  invariably  followed  by  a  low  per 
cent  of  sugar  and  purity.  It  is  not  the  desire  of  the  Experi- 
ment Station  to  increase  the  number  of  such  tests  as  those 
recorded  in  table  No.  XLV.  Not  all  of  the  beets  in  table  No. 
XLIV.  were  grown,  in  all  respects,  under  the  best  conditions. 
There  are  many  localities  in  the  State  which  have  a  lower 
average  than  they  should  have,  simply  because  of  poor 
cultivation.  It  is  an  injustice  to  any  locality  of  the  State 
where  it  is  hoped  to  establish  a  beet  sugar  factory,  to  have 
beets  analyzed  which  have  not  been  properly  grown. 


EXPERIMENTS  AT  ALBERT  LEA,  1897. 


The  experiments  at  Albert  Lea  were  conducted  by  the 
Albert  Lea  commercial  club.  An  expert  sugar  beet  agricul- 
turist was  employed  by  the  commercial  club.  Seed  was  pro- 
cured* and  distributed  to  about  100  farmers  The  beets  were 
grown  under  the  supervision  of  Mr.  H.  F.  Postel,  who  went 
from  farm  to  farm  during  the  growing  season,  giving  in- 
structions as  to  how  the  beets  should  be  cultivated.  The 
experiments  were  conducted  in  a  thoroughly  systematic 
way.  The  Experiment  Station  took  no  part  in  the  work 
except  to  analyze  the  samples  of  beets  when  received. 

At  about  the  same  time  that  samples  were  sent  to  the 
Experiment  Station  for  analysis,  a  few  duplicate  samples 
were  sent  to  the  U.  S.  Def)artment  of  Agriculture  for  analysis. 
Mr.  Morin,  secretary  of  the  committee,  reports  that  the 
results  from  the  two  sources  were  as  follows: 


Minn.  Bx 
Stat 

Saggar. 
Per  Cent. 

G.  L.  Slocum 13.1 

T.  A.  Vandergrift 14.2 

Peter  Jensen 13.5 

Lorin  Blackmer 13.8 

A.  C.  Wedge 14.6 

Nels  Ackland 16. 

W.  R.  Sweet 14.1 

J.  Howe 34.6 

K.  K.  Nystrom 13.7 


Analysis  made  by 
:periioent                 U.  8.  Department 
ion,                             of  AKncnltnrc. 

Purity. 

Sngar. 
Per  Cent. 

Polity. 

73. 

13. 

75.6* 

84. 

14.6 

82,5 

78.2 

13. 

75. 

83.6 

15.3 

85. 

93.6 

14.4 

84.7 

84.7 

15.3 

85.5 

.84.3 

16.4 

85.4 

84.4 

16. 

82. 

80.5 

15.8 

86.3 

Average 14.3       82.9  14.6       82.4 
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Table  Ko.  XTiTTI.    Suffar  Beets  from  Albert  Lea. 


Name. 


No. 


Sttffar. 
Per  Ct. 


Purity. 


Weight 

of  Beet. 

Ou. 


Nels  Ackland 

A.  H.  McNeal 

Chas.  Peterson 

P.  P.  Carter 

John  Adams 

Robert  Nelson 

H.  P.  Jenson 

M.  L.  Whalen 

Jacob  Baker 

F.  G.  Hanpt 

Georg^e  Peterson... 
T.  A.  Vandergrift. 

Peter  Peterson 

John  Bergland 

Peter  Burgland.... 

E.  R.  Sweet 

George  Widman... 
Dr.  A.  C.  Wedge... 

J.  E.Pratt 

Morin  &  Mason... 

J.  G.  Forest 

John  Barron 

Dr.  A.  H.  Street.... 

M.  A.  Teslow 

P.  R.  Howgard.... 

Joseph  Brabec 

Joseph  Cypcra 

J.  Howe 

Chas.  Brlckson...., 
Ole  Ofstehauge..... 

Joseph  Chrs , 

Andrew^  Larsen.... 

Hans  Carlson 

Lroren  Blackmer.. 


2910 
2911 
2912 
2918 
2914 
2915 
2916 
2917 
2918 
2919 
2920 
2921 
2922 
2928 
2924. 
2925 
2926 
2927 
2928 
2929 
2930 
2981 
2982 
2938 
2934. 
2986 
2936 
2937 
2938 
I  2939 
2940 
2941 
2942 
2948 


16. 

14.9 

16. 

15. 

15.8 

14.5 

15.2 

14.7 

14.6 

14.8 

15.7 

14. 

14.7 

16. 

15.1 

15.1 

14.9 

14.6 

15.5 

14.7 

15.5 

15.9 

15.9 

14. 

15.1 

14.2 

14. 

14.6 

14. 

14.7 

14.3 

15.2 

14.1 

13.8 


84.7 

84.1 

88.8 

88.8 

82.8 

80.1 

88. 

80. 

88.9 

90. 

82.5 

81. 

83.4 

84.7 

88.4 

88.9 

87.6 

93.6 

82.5 

84. 

92.2 

90. 

84. 

86.9 

86.7 

80.2 

83.8 

84.4 

84.8 

89.6 

85.5 

85.4 

81.1 

83.6 


19 
19.6 
18.8 
18. 
18. 
.17.4 
19. 
17. 
18. 
22. 
20.2 
17.6 
17.4 
13.2 
12.8 
20. 
19.6 
18.6 
13.2 
16.4 
19.5 
17.6 
11.6 
12.4 
12.8 
23.2 
13.2 
17. 
13.6 
16.8 
13. 
15. 
18.4 
17.4 


EXPERIMENTS  AT  ALBERT  LEA,  1897. 


395 


Tablt  Ho.  ZI 


Surur  Beets  from  Albert  X<ea. 


Name. 


No. 


PerCt. 


Purity. 


Weight. 

of  Beet. 

Oss. 


W.  R.  Sweet 

J.  P.  Laraon 

Nels  Jolmaon 

Peter  Irarson ., 

N.  P.  SomeBon  ... 

A.  O.  Backen 

C.  H.  DlUa 

C.  H.  DlUt,  2d.... 
Chria.  Bclimidt..., 

Louia  Nelaon , 

Fred  Lenchman.. 

G.  D.  Slocnm* , 

P.  D.  Drake 

N.  P.  Nllaon 

L.  P.  Laraon 

Andrew  Skangh., 

B.  B.  Bndlong.... 

Peter  Jenaon 

K.  K.  Nyatrom... 
Frank  SIpple 

A.  A.  Flatten 

Otto  Otteraon.... 
Nela  Anderaon.... 

J.  R.  Page 

O.  Buckley , 

G.  H.  Treacott.... 
T.  B.  Noble 

B.  B.  Randall*... 

Peter  Nelaon 

Henry  Bnnghart 
Henry  Wittmer*. 

W.  H.  Walker 

John  Krauahaw. 
T.  PInefaIr* 


2944 

14.1 

2946 

14.8 

2946 

13.3 

2^i 

14.4 

2948 

14.4 

2949 

14. 

29S0 

13.8 

2901 

13.2 

2962 

13.3 

2963 

13.9 

2964 

13.1 

2966 

13.1 

2966 

13.1 

2967 

13.7 

2968 

13. 

2969 

13.4 

2960 

14.1 

2961 

13.6 

2962 

13.7 

2968 

13.6 

2964 

13.6 

2966 

13.7 

2966 

13.7 

2967 

13.1 

2968 

12.8 

29«9 

12. 

2970 

14.3 

2971 

11.5 

2972 

13.6 

2973 

12.6 

2974 

11.6 

2976 

12.6 

2976 

12. 

2977 

11. 

84.8 

84.1 

80.6 

83.2 

88.3 

89.7 

86.8 

77. 

84.2 

80.8 

78.6 

73. 

80.9 

80.6 

83.6 

79. 

90. 

78.2 

80.6 

84.8 

76. 

81.6 

82.6 

76.3 

80. 

80. 

85. 

76.7 

86. 

82.4 

80.6 

73.6 

80. 

80. 


17.6 

20. 

11.6 

16.4 

16.8 

14.4 

13.8 

20. 

16. 

14.6 

17.6 

18. 

17. 

10.4 

17.6 

26.6 

16.2 

12.4 

13.4 

16. 

11.6 

14.4 

17.8 

9. 
14.6 
24. 
17.6 
14.6 
18.4 
14.4 
17.6 
22. 
12. 
15.2 
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Table  Na  XLIII.-'-Ck>ntinued.    Suffar  Beets  from  Albert  Lea. 


Name. 


No. 


Sugar. 
Per  Ct. 


Parity. 


Weight 

of  Beet. 

Oct. 


John  Bmmerson* 

IrOtdB  Pogel 

ChriitYorke* 

N.  J.  Jndd* 

C.  M.  Nelson* 

Henry  Harrison 

G.  O.  Poss.. 

Neem  Nelson* 

B.  Porter* 

G.  W.  Anderson 

John  B.  Bllingson*.... 

Chris  Jenfon. 

John  Lrarson 

Average 

Average,  Omitting*  . 


2978 
2979 
2980 
2981 
2982 
2988 
2984 
2986 
2986 
2987 
:«988 
2989 
2990 
2991 
2992 


11.6 

12.8 

ll.S 

11.5 

ll.S 

12.8 

12.0 

11. 

11.5 

12.5 

10. 

12. 

12.9 

16.1 

14.2 

1S.8 
14.2 


78.9 

81.5 

70.1 

72. 

77. 

75. 

77.8 

73. 

74. 

78.5 

71.4 

73. 

80. 

86. 

84. 

82.0 
83.1 


14.4 

26. 

28. 

16. 

22.8 

18.2 

16.2 

16. 

20. 

21.2 

16.4 

14.4 

19.6 

19. 

21.4 

16  6 
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400  SUGAR  BEETS. 

Table  No.  XLV.    Sug^ar  B«et«  Orown  in  Bifferent  Farts  of  the  State  under 

Poor  OondHions  of  OoltlTatlon.    1897. 


No. 


2880 

2881 
2882 

2883 

2884 

2885 

2886 
2887 

2888 
2889 
2890 
2891 
2892 
2893 
2894 

2895 
2896 
2897 
2898 
2899 
2900 
2901 
2902 

2865 
2866 
2857 
2863 
2862 
2864 
2866 
2828 


Remarlu 


PerCt. 
Sugar 


Purity 
Coeffi- 
cient 


1  row  only.    Beets  1 2  inches  apart  in  row.    Beets 

hollow 

20  minutes'  labor  expended  on  plot.    Poor  seed 

1  row  only.    6  to  8  inches  apart  in  row.    Flax 

grown  on  land  year  previous 

Rows  8  feet  8  inches  apart.    Beets  6  inches  apart  in 

row.    Unripe  and  hollow 

Rows  2  feet  apart.    Beets  8  inches  apart  in  row. 

Shallow  plowing 

Rows  20  inches  apart.    Beets  8  to  9  inches  apart  in 


row 


Beets  green  and  hollow.    Grown  above  ground 

All  hollow  and   rather  scabby.    2  rows  only  and 

20  inches  apart 

Hollow  and  untlpe  beets.    Shallow  flowing 

Wilted,  green,  hollow;  shallow  plowing 

Beets  unripe 

Hollow  and  unripe;  grown  abore  ground 

1  row  only.    Beets  hollow 

Unripe  and  badly  wilted....^ 

Rows  28  inches  apart,  beets  10  inches  apart  in  row. 

Grown  in  garden.    Beets  large 

Beets  unripe  and  hollow;  shallow  plowing 

Shallow  plowing.    Beets  grown  above  ground 

Shallow  plowing.    Beets  grown  above  ground 

Beets  unripe  and  hollow.    Old  worn  land 

Green  and  hollow ». 

Hollow  and  unripe  beets 

Shallow  plowing 

Grown  on  heavy  river  bottom  soil.    Seed  planted 

5  inches  deep.     Beets  unripe 

Grown  in  muck;  rows  80  inches  apart 

Rows  24  inches  apart;  beets  10  to  24  inches  in  row 
Rows  30  inches  apart;  beets  3  to  15  inches  in  row... 

Rows  36  inches  apart;<beets  lO  inches  in  row 

Rows  30  inches  apart;  beets  8  inches  in  row 

Shallow  plowing  and  heavy  manuring 

Unplowed  cotn'land 

Lowland;  new  breaking.... 


12.0 
11.7 

IS.O 

11.5 

11.6 

11.6 
^11.9 

11.0 
7.8 
11.0 
10.0 
11.0 
11.3 
7.5 

14.0 
12.0 
12.7 
11.9 
11.4 
9.6 
10.5 
10.0 

10.0 
10.5 
13.2 
12.6 
11.6 
12.2 
10.7 
11.0 
12.6 


78.0 
80.7 

78.8 

78.7 

74.4 

70.0 
73.6 

•  72.8 
65.0 
76.0 
72.0 
80.0 
88.1 
76.0 

75.7 
81.3 
76.0 
74.0 
81.4 
75.4 
72.9 
78.7 

74  1 

71. 

74.6 

77. 

75.8 

73.9 

72.6 

70.0 

77.0 


Site 
Os. 


52.0 
20.0 

21,0 

24.0 

15.0 

27.0 
66.0 

27.0 
620 
12.0 
18.0 
31.0 
30:0 
48.0 

49.0 
48.5 
30.0 
25.0 
29  3 
88.0 
24.5 
16.0 

18.0 
40.0 
46.0 


60.0 
50.0 
66  0 


About  50  more  examples  could  be  added. 
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Table  No.  XLVI.    Soffar  Beets 

[NOTB. — Badi  number  represents 
erery  test.] 


CKrowivat  Bxperimant  Station,  1897. 
a  separate  plot.    Five  beets  were  taken  for 


o  ^ 

•32: 


2760 
2761 
2762 
2763 
2764 
2765 
2766 
2767 
2768 
2769 
2770 
2771 
2772 
2773 
2774 
2776 
2776 
2777 
2778 
2779 
2780 
2781 
2782 
2783 
2784 
2786 
2786 
2787 
2788 
2789 
2790 
2791 


Distance  Between 
Rows. 


Fourteen  inches. 

14 


«« 


<l 


tt 


Bigbteen 


<• 


«• 


<t 


«i 


Twenty-four 


II 


f« 


II 


II 


Thirty 
It 


11 


II 


«t 


■If  35 
fit 


September  21. 

October  28. 

Sugar 

in 
Juice. 

Purity 

Sugar 

in 
Juice. 

Purity 

4 

4 

6 

6 

8 

8 

10 

10 

4 

4 

6 

6 

8 

8 

10 

10 

4 

4 

6 

6 

8 

8 

10 

10 

4 

4 

6 

6 

8 

8 

10 

10 


14.2 

86.1 

17.6 

14.8 

87.2 

17. 

13.3 

84.7 

18.3 

14.1 

82.9 

17.2 

13.3 

88.7 

17.3 

13.6 

86. 

14.9 

13.6 

84.4 

16. 

13.4 

80.3 

16.1 

14. 

85.4 

18.5 

13. 

86.7 

17.5 

12.3 

86.4 

16.7 

13.7 

87.2 

16.8 

16.3 

84.1 

16.6 

13.4 

86.6 

16.8 

13.6 

84.9 

16.3 

13.2 

86.8 

16.7 

13.1 

84.5 

16.2 

12.6 

87.6 

16.8 

1    13.2 

84.7 

16.2 

13.4 

86.5 

16  2 

12.9 

87.8 

17.1 

13.3 

87.6 

16.5 

12.6 

86.8 

16.6 

11.7 

84.8 

17. 

12.4 

84.4 

15.8 

12.9 

84.9 

16. 

12. 

82.8 

16.4 

13.6 

88.8 

15.6 

12.1 

86.2 

16.2 

12.9 

82.7 

16.6 

12.6 

86.6 

16.6 

10.8 

80. 

14.2 

85.8 

86. 

87.1 

87. 

87.3 

84. 

87.4 

81. 

92.5 

87. 

87. 

86.6 

88.8 

87. 

86.2 

81.8 

84.8 

86.3 

88. 

94.2 

87.7 

86.6 

86.9 

87.2 

82  3 

86.1 

89.1 

84.7 

82.2 

83.9 

83.4 

78. 


10. 

12.8 

12. 

11.2 

12.8 

19.2 

16. 

14.8 

12.8 

10. 

12.8 

11.2 

14.4 

11.2 

14  4 

11.2 

16. 

17.6 

12.8 

14.8 

14.4 

16. 

14.4 

13.2 

16.2 

16. 

14.8 

13.4 

14.4 

13.4 

14.8 

18.4 


^i 


state. 

U.S. 

State. 

U.S. 
It 

State. 
II 

U.S. 

•. 
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FIELD  EXPERIMENTS. 

ANDREW  BOSS. 

During  several  years  past  the  Experiment  Station  has 
raised  sugar  beets  to  study  various  problems  concerning 
their  growth.  The  University  Farm  has  proven  to  be 
well  adapted  to  their  production.  The  yields,  per  cent 
of  sugar  and  the  purity  of  the  juice  are  all  sufficiently 
high  to  make  the  yield  per  acre  of  sugar  large.  The 
value  per  acre  of  the  marketable  crop  is  sufficient  to 
make  it  quite  remunerative  to  the  farmer  at  the  ordinary 
prices  paid  per  ton  for  good  beets  at  sugar  factories.  Thirty 
tons,  more  or  less,  have  been  fed  each  winter,  to  dairy  and 
beef  stock  and  to  sheep,  with  satisfactory  results,  though  at 
a  valuation  which  would  not  pay  for  raising  such  small 
roots  as  are  best  to  raise  for  a  sugar  factory.  While  these 
sugar  beets  have  contained  nearly  as  much  dry  matter  per 
acre  as  large  stock  beets,  it  costs  considerably  more  per  acre 
to  produce  them.  They  will  not  pay  as  well  to  raise  for  feed 
as  will  the  large  varieties  of  mangels. 

Distance  Apart  to  Grow  For  Sugar. — In  1897  an  ex- 
periment was  undertaken  to  study  the  best  distance  apart 
to  grow  sugar  beets  when  grown  for  sale  at  a  sugar  factory. 
The  yield  per  acre,  the  per  cent  of  sugar,  the  purity  of  the 
juice,  the  form  of  the  roots  and  the  labor  required  to  grow 
the  roots  were  the  factors  especially  noted.  The  factory  de- 
sires beets  of  good  form,  with  a  high  percentage  of  sugar 
and  with  high  purity,  that  the  expense  of  manufacture  may 
be  at  a  minimum.  The  farmer  seeks  also  large  jnelds  per 
acre  and  he  wishes  to  grow  them  in  such  manner  that  the 
expense  of  cultivating  and  harvesting  may  be  as  low  as  is 
practicable  with  the  best  results. 

For  the  purpose  of  this  work  thirty-two  l-20th  acre 
plots  were  used.     On  plots  numbered  from  7  to  22  seed  of 
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406  SUGAR  BEETS. 

the  Klien  Wanzlieben  variety,  obtained  from  the  Norfolk 
Beet  Sugar  Co.,  Norfolk,  Nebraska,  was  planted  on  May 
15th.  On  May  20th  these  plots  were  duplicated  as  to  man- 
ner of  planting,  but  seed  of  the  same  variety  imported  from 
Germanv  was  used.  The  soil  is  a  medium  rich  one  of  mixed 
clay  and  loam  with  good  drouth  resisting  qualities. 

Plan  of  the  Experiment, — On  plots  numbered  7, 8, 9  and 
10  the  seed  was  planted  in  rows  14  inches  apart.  The  beets 
on  plot  7  were  thinned  to  4  inches  apart  in  the  row;  on  plot 
8,  to  6  inches  apart;  on  plot  9,  to  8  inches  apart,  and  on  plot 
10,  to  10  inches  apart.  All  other  conditions  were  alike  so 
far  as  is  known.  On  plots  11,  12,  13  and  14  the  beets  were 
planted  in  rows  18  inches  apart  and  thinned  to  4,  6,  8  and 
10  inches  apart  respectively  in  the  row. 

On  plots  15, 16, 17  and  18  the  rows  were  made  24  inches 
apart,  and  on  plots  19,  20,  21  and  22,  30  inches  apart. 
These  also  were  thinned  to  4,  6,  8  and  10  inches  apart  in 
the  row. 

Preparation  of  the  Soil. — The  land  on  which  these  beets 
grew  had  raised  a  crop  of  oats  the  year  previous  and  was 
plowed  6  inches  deep  in  the  fall.  In  the  spring  of  1897  well 
rotted  barnyard  manure  was  applied  at  the  rate  of  twenty 
tons  per  acre  and  the  land  again  plowed  at  a  depth  of  nine 
inches.  The  spring  plowing  was  done  early  and  the  land 
was  harrowed  frequently  until  the  beet  seed  was  planted. 
This  frequent  cultivation  killed  the  weeds  which  had  germi- 
nated early  and  gave  the  beet  seed  when  sown,  an  even 
chance  with  the  weeds. 

Sowing  the  Seed, — The  seed  was  sown  with  a  small 
garden  seed  drill  at  the  rate  of  eighteen  pounds  per  acre  on 
the  plots  with  rows  18  inches  apart.  Proportionately 
more  seed  per  acre  was  sown  on  the  plots  with  rows  14 
inches  apart  and  proportionately  less  on  the  plots  where 
the  rows  were  24  and  30  inches  apart.  A  stand  may  be  ob- 
tained by  sowing  as  little  as  ten  or  twelve  pounds  of  seed 
per  acre,  but  to  make  sure  of  a  stand  and  to  insure  against 
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the  necessity  of  transplanting,  which  is  an  expensive  opera- 
tion, it  is  better  to  plant  eighteen  to  twenty  pounds.  The 
seed  was  planted  three-fourths  of  an  inch  deep. 

Cultivation, — Cultivation  was  started  as  soon  as  the 
plants  could  be  seen  in  the  row.  A  two-wheel  hand  hoe  was 
first  run  over  the  row  and  immediately  followed  by  cultiva- 
tion between  the  rows  with  a  fine  toothed  cultivator.  A 
hand  machine  was  used  between  the  fourteen  and  eighteen 
inch  rows  and  a  horse  cultivator  between  the  twenty-four 
and  thirty  inch  rows.  This  plan  of  cultivation  was  followed 
until  the  beets  were  large  enough  to  thin  out.  The  cultiva- 
tor was  run  rather  shallow  to  avoid  bringing  new  weed 
seeds  to  the  surface  and  yet  deep  enough  to  preserve  a  dust 
blanket  one  and  one-half  to  two  inches  deep. 

Thinning  the  jBeets.— When  the  beet  leaves  were  two  to 
four  inches  in  length  the  beets  were  "bunched**  by  cutting 
out  sections  with  narrow  hoes,  and  then  thinned  by  hand. 
Any  weeds  found  in  the  row  were  pulled  out  at  the  same 
time.  After  the  thinning  had  been  done  the  cultivation 
given  was  largely  with  horse  cultivators,  except  where  the 
rows  were  fourteen  inches  apart.  One  hand  hoeing  was 
given  the  entire  field  after  the  beets  were  thinned. 

Harvesting  the  Beets. — ^When  the  beets  were  mature 
they  were  pulled  by  hand  using  a  potato  fork  to  loosen 
them  in  the  soil.  They  were  topped  as  soon  as  pulled  and 
carried  into  piles  and  covered  to  prevent  wilting  and  sun- 
burning.  After  standing  in  piles  for  a  few  days,  samples 
were  taken  for  analysis  and  the  beets  were  hauled  to  the 
bam  for  cattle  feed. 

The  Results. — Table  XLIX.  is  a  statement  of  the  man- 
ner of  planting  the  Nebraska  seed  and  gives  the  yields  of 
the  individual  plots  of  that  variety. 

Table  L.  in  a  like  manner  gives  the  results  of  the 
trial  of  the  German  seed  planted  five  days  later. 

Jn  Table  I/I.  are  givfji?  the  average  results  of  the  dup 
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licate  plots.  It  will  be  seen  by  Table  LI.  that  the  high- 
est percentof  sugar  was  obtained  from  beets  planted  in  rows 
eighteen  inches  apart  and  thinned  to  four  inches  in  the  row. 
The  largest  yield  of  beets  per  acre  was  obtained  where  they 
were  planted  in  rows  eighteen  inches  apart  and  thinned  to 
eight  inches  in  the  row.  The  highest  purity  was  reached  in 
the  plots  where  the  rows  were  eighteen  inches  apart  and 
thinned  to  four  inches.  The  largest  cash  return  per  acre 
was  made  from  rows  eighteen  inches  apart  and  thinned  to 
four  inches  in  the  row.  From  a  study  of  the  entire  table  and 
records  at  hand  it  is  quite  apparent  that  the  best  economic 
results  were  produced  by  planting  the  beets  in  rows  eighteen 
inches  apart  and  thinning  to  six  or  eight  inches  in  the  row. 
Planting  in  rows  fourteen  inches  apart  and  thinning  to  four, 
six  or  eight  inches  apart  gave  nearly  equally  good  results  as 
did  also  planting  in  eighteen  inch  rows  and  thinning  to  four 
inches  in  the  row.  The  additional  amount  of  hand  labor 
necessary  in  rows  too  narrow  to.  allow  of  horse  cultivation 
and  in  thinning,  weeding  and  harvesting  the  smaller  beets 
grown  under  these  conditions  is  very  expensive,  and  reduces 
considerably  the  net  value  of  the  product  to  the  farmer. 

Table  LII.  shows  that  in  the  averages  of  eight  plots  of 
each  of  the  fourteen,  eighteen,  twenty-four  and  thirty  inch 
rows  and  including  all  distances  apart  in  the  row,  there  was 
practically  no  difierence  between  the  fourteen  and  eighteen 
inch  rows;  the  per  cent  of  sugar,  the  purity  of  the  juice  and 
the  yield  of  beets  and  of  cash  from  these  plots  being  nearly 
the  same.  There  was  a  considerable  reduction  in  the  per 
cent  of  sugar,  yield  of  beets,  and  cash  yield  per  acre  in 
the  plots  where  the  rows  were  twenty-four  inches  apart, 
while  the  purity  remained  about  the  same.  In  the  plots 
with  rows  thirty  inches  apart  both  yield  and  quality  were 
lower. 

By  consulting  Table  LIII.  we  find  that  there  was  little 
difference  in  the  averages  of  plots  where  the  beets  were 
grown  four,  six  and  eight  inches  apart  in  the  row.    Ten 
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inches  apart  in  the  row  were  evidently  too  far  apart  for  the 
largest  yield  of  cash  and  for  the  highest  purity. 

As  there  appears  from  this  trial  to  be  no  direct  advant- 
age in  planting  the  beets  in  fourteen  inch  rows  nor  of  leav- 
ing beets  closer  than  six  or  eight  inches  apart  in  the  eighteen 
inch  rows,  economy  of  labor  would  dictate  that  for  our  con- 
ditions we  plant  the  rows  eighteen  inches  apart  and  thin 
the  beets  to  five  to  seven  inches  apart  in  the  row. 


TABLE  XUX.    Besults  when  Sngrar  Beets  are  Planted  at  Varione 

Dlstanoes. 


Plot  No. 


Dis- 
tance 
apart 
in  the 

row. 
Inches 


Dis- 
tance 

be. 

tween 

rows. 

Inches. 


Porm 

of 
Roots. 


Smooth- 
ness of 
Roots. 


Per 

cent 

Sngar. 


Purity 


Yield  per  Acre. 


Beets, 
Tons. 


Value. 


7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 


4 
6 

8 

10 
4 
6 
8 

10 
4 
6 
8 

10 
4 
6 
S 

10 


14 
14 
14 
14 
18 
18 
18 
18 
24 
24 
24 
24 
30 
30 
30 
SO 


66 

rough. 

17.0 

60 

i< 

17.2 

65 

medium. 

17.3 

60 

smooth. 

16.1 

65 

<< 

18.6 

66 

*t 

16.8 

46 

medium. 

16.6 

45 

smooth. 

16.3 

60 

4< 

16.8 

45 

t( 

16.2 

40 

4< 

15.6 

40 

it 

16.6 

55 

(4 

16.0 

50 

medium 

15.6 

40 

41 

15.6 

35 

smooth. 

15.5 

85.0 
87.0 
87.8 
81.0 
92.5 
86.6 
88.8 
86.2 
86.3 
83.0 
86.6 
86.9 
85.1 
84.7 
83.9 
88.4 


16.8 

16.1 

17.6' 

17.1 

15.3 

15.6 

15.7 

16.4 

14.7 

16.3 

16.6 

14.9 

15.8 

14.1 

17.1 

16.6 


$67.20 
64.40 
70.40 
68.40 
61.20 
62.00 
62.80 
66.60 
58.80 
65.20 
66.40 
69.60 
68.20 
66.40 
68.40 
62.40 
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Table  L.    Sesults  when  Suffar  Beets  are  Planted  at  Various 

Distances. 


Plot  No. 


Dis- 
tance 
apairt 
In  the 
row. 
Inches. 


Dis- 
tance 

be- 
tween 
rows. 
Inches. 


Form 

of 
Roots. 


Smooth- 
ness of 
Roots. 


Per 
cent 


Pnrity 


23. 
24 
2S, 
26 
27 
28 
29 
80 
31 
82 
83 
84 
80 
86 
87 
88 


4 

14 

40 

6 

14 

00 

8 

14 

40 

10 

14 

40 

4 

18 

40 

6 

18 

30 

8 

18 

30 

10 

18 

30 

4 

24 

80 

6 

24 

30 

8 

24 

30 

10 

24 

30 

4 

30 

30 

6 

30 

30 

8 

30 

20 

10 

30 

20 

very 
smootb. 

smootb. 

very 
smootb. 

(4 


smooth, 
medium, 
smooth. 


medium. 

n 

«i 

smooth, 
medium. 

•  4 

smooth. 


17.6 
18.8 
14.9 
16.0 
17.0 
16.7 
10.8 
10.7 
16.2 
16.2 
17.1 
17.0 
10.8 
16.4 
10.2 
14.2 


Yield  per  acre. 


Beets 
Tons. 


Value 


80.8 

17.6 

87.1 

16.8 

84.0 

16.2 

87.4 

16.7 

87.0 

17.1 

87.0 

17.8 

87.0 

19.6 

81.8 

17.9 

84  8 

10.8 

94.2 

16.4 

87.7 

10.6 

87.2 

16.9 

82.3 

17.3 

89.1 

18.6 

82.2 

18.0 

78.0 

10.9 

$70.40 
60.20 
64.80 
66.80 
68.40 
71.20 
78.40 
71.60 
63.20 
60.60 
62.40 
67.60 
69.20 
74.40 
72.00 
68.60 
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Table  LI.    Suff&r  Beets.   Averagre  of  Two  Trials. 


Average  of  Two  TriaU. 
Plots  No. 


Dis. 

Dis- 

tance 

tance 

Fomi 

Per 

Yield 

apart 

be- 

of 

cent 

per 

in 
row. 

tween 
rows. 

Roots. 

Sngar. 

Purity 

acre. 
Tons. 

rnches. 

Inches. 

Valne 

per 

acre. 


7  and  23 

8  "  24 

9  "  26 

10  •'  26, 

11  "  27 

12  "  28 

13  ••  3«9 

14  "  30 
16  *•  31 

16  "  32 

17  "  33 

18  *'  34 

19  "  36 

20  "  36 

21  "  37 

22  "  38 


4 

14 

6 

14 

8 

14 

10 

14 

4 

18 

6 

18 

8 

18 

10 

18 

4 

24 

6 

'24 

8 

24 

10 

24 

4 

30 

6 

30 

8 

30 

10 

30 

66 
66 
60 
46 
62 
46 
40 
40 
40 
40 
36 
86 
46 
40 
82 
30 


17.3 

86.4 

17.2 

17.7 

87.0 

16.2 

16.1 

85.7 

16.9 

16.6 

84.2 

16.9 

18.0 

89.8 

16.2 

16.8 

8tt.8 

16.6 

16.2 

87.9 

17.6 

16.0 

84.0 

17.1 

16.6 

86.1 

16.2 

16.7 

88.6 

16.3 

16.3 

87.1 

16.1 

16.8 

87.1 

16.9 

16.9 

83.7 

16.6 

16.0 

86.9 

16.3 

16.4 

88.1 

17.6 

14.9 

80.7 

16.7 

$68.80 
64.80 
67.60 
67.60 
64.80 
66.40 
70.40 
68.40 
60.80 
66.20 
64.40 
63.60 
66.00 
66.20 
70.00 
62.80 


TABLE  LII.— Sn^ar  Beeta.    Dlatanoe  Apart  of  Bows. 


Average  of  Bight  Plots. 

Per  cent 
Sugar. 

Purity. 

1 

Beets, 

per  Acre. 

Tons. 

Valu^ 
per  Acre. 

Rows  14  inches  apart. 

Rows  18  inches  apart 

16.7 
16.7 
16.3 
16.6 

866 
87.1 
87.0 
84.8 

16.8 
169 

• 

16.9 
16.6 

$67.20 
67.60 

Rows  24  inches  aoart 

63.60 

Rows  30  inches  apart 

66.00 

TABX«B  LIU.— Sugar  Beets.    Distance  Apart  In  the  Bow. 


Average  of  Bight  Plots. 


Per  cent 
Sugar. 


Purity. 


Beets, 

per  Acre. 

Tons. 


Value 
per  Acre. 


Thinned  to  4  inches  in  row 
Thinned  to  6  Inches  in  row 
Thinned  to  8  inches  in  row 
Thinned  to  10  inches  in  tow 


16.9 
16.6 
16.0 
16.8 


86.0 
86.8 
87.2 
84.0 


16.3 
16.3 
17.0 
16.4 


$66.20 
66.20 
68.00 
66.60 


PROPOSED  EXPERIMENTS  FOR  1898. 

During  the  coining  year  it  is  desired  to  continue  the 
experiments  in  the  culture  of  sugar  beets.  The  general  plan 
of  the  work  will  however  be  somewhat  different  from  the 
plan  pursued  in  former  years.  The  United  States  Depart- 
ment of  Agriculture  has  requested  the  co-operation  of  the 
Minnesota  Experiment  Station  in  sugar  beet  experiments, 
and  the  director  of  the  station,  W.  M.  Liggett,  has  been 
appointed  a  special  agent  of  the  department  in  sugar  beet 
investigations.  A  limited  quantity  of  seed  has  been  supplied 
the  station  on  the  conditions  stated  in  the  following  com- 
munications : 

united  states  department  of  agriculture, 

Division  of  Chemistry. 

Washington,  D.  C,  Feb.  1st,  1898. 

Col.  Wm.  M.  Liggett,  Director,' 

St.  Anthony,  Park,  Minn. 

Dear  Sir: — For  many  years  the  department  of  agriculture 
and  many  of  the  experiment  stations  of  the  country  have 
been  experimenting  with  sugar  beets.  In  addition  to  the 
special  plots  cultivated  at  the  experiment  stations,  it  has 
been  the  rule  to  distribute  packages  of  seeds  promiscuously 
in  all  parts  of  the  country.  Experience  has  shown  that  not 
more  than  twenty  per  cent  of  the  persons  who  received  seed 
this  way  follow  out  the  direction  for  plailting  and  cultiva- 
tion, and  do  not  take  enough  interest  in  the  matter  to  secure 
samples  for  analysis. 

It  is  evident  that  this  work,  while  interesting  and  val- 
uable from  a  certain  point  of  view,  can  never  secure  the 
definite  knowledge  which  it  is  desired  to  obtain.  The  time  has 
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come  now  when  it  is  important  that  more  careful  experi- 
mental work  be  done.  The  secretary  of  agriculture  has 
designated  me  to  purchase  high  grade  beet  seeds  for  experi- 
mental purposes,  and  to  distribute  only  to  the  agricultural 
experiment  stations  and  in  such  other  localities  as  may  be 
deemed  useful. 

It  is  the  policy  of  the  department  from  now  on  to  secure 
more  definite  experimental  work  than  has  heretofore  been 
possible.  We  prefer  to  §jend  a  larger  quantity  of  seed  to 
fewer  persons  and  only  to  those  who  will  sign  an  agreement, 
to  prepare  the  soil,  plant  and  cultivate  the  beets,  harvest 
and  weigh  them  and  secure  samples  for  analyses  in  accord- 
ance with  specific  directions  and  as  far  as  possible  under 
supervision. 

I  earnestly  urge  upon  you  as  a  director  to  pursue  the 
same  line  of  investigation.  Instead  of  sending  promiscuously 
hundreds  of  packages  of  seed  to  dijfferent  parts  of  your  state, 
secure  pledges  from  twenty -five  reliable  farmers  who  will 
undertake  under  your  direction  to  prepare  the  soil,  plant, 
cultivate  and  harvest  the  beets  in  such  a  way  as  to  obtain 
definite  knowledge.  You  will  furnish  the  directions  for  con- 
ducting the  work,  and  if  you  prefer,  you  may  use  those 
contained  in  farmers'  bulletin  52.  It  is  suggested  that  the 
seed  be  distributed  so  as  to  cover  as  nearly  as  possible  all 
typical  varieties  of  soil  within  your  state. 

The  particular  data  desired  is  as  follows:  Character  of 
soil,  geological  and  otherwise;  value  of  soil  per  acre  at  mar- 
ket rates;  cost  of  plowing  and  sub-soiling;  cost  of  prepara- 
tion of  soil  for  planting;  cost  of  planting;  cost  of  thinning 
and  cultivating  and  the  number  of  times  cultivated  and 
how;  cost  of  harvesting  and  topping;  definite  cost  of  de- 
livering beets  at  a  factory  of  a  distance  not  more  than  six 
miles  or  at  a  railroad  station  of  a  distance  not  more  than 
six  miles;  exact  area  under  cultivation;  exact  weight  of 
beets  harvested ;  exact  weight  pf  beets  after  removal  of  the 
tops. 
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Wherever  possible,  the  area  under  cultivation  and  the 
weights  obtained  of  harvesting  should  be  checked  by  a  rep- 
resentative  of  your  station  or  a  committee  appointed  by 
you.  No  guess  work  of  any  kind  should  be  allowed  to  enter 
into  the  report.  Wages  of  the  farmer  and  team  should  be 
charged  at  the  reguar  market  rates.  It  is  earnestly  request- 
ed that  the  greater  part  of  the  seeds  which  we  send  you, 
shall  be  disposed  of  in  the  manner  suggested. 

Very  respectfully, 

H.  W.  WILEY, 

Chief  of  Division. 

Feb.  14,  1898. 
Dr.  H.  W.  Wiley, 

Chief,  Division  of  Chemistry, 
Washington,  D.  C. 

Dear  Sir : — Co-operative  experiments  of  the  nature  men- 
tioned in  your  letter  of  February  1st,  we  believe  can  be  car- 
ried out  successfully  in  this  state.  Your  plan  meets  my 
hearty  approval. 

The  distribution  of  packages  of  beet  seed  promiscuously 
is  only  of  value  in  educating  our  people  howto  plant,  culti- 
vate and  harvest.  When  instructions  were  strictly  followed, 
they  learned  that  it  required  labor  and  intelligent  care  to 
grow  sugar  beets  that  would  give  a  high  per  cent  of  sugar. 
Much  interest  has  been  taken  in  sending  samples  for  analy- 
sis, but  little  care  has  been  taken  in  cultivation  and  in  selec- 
tion. This  is  clearly  demonstrated  by  the  higher  average  of 
per  cent  of  sugar  and  purity  of  the  three  hundred  and  sixty- 
one  samples  made  of  beets  grown  on  the  experiment  farm 
for  the  last  ten  years. 

There  are  many  localities  in  the  state  which  are  taking 
great  interest  in  the  culture  of  sugar  beets,  and  there  has 
been  some  little  effort  to  encourage  the  building  of  factories. 

The  Commercial  Club  of  Albert  Lea  is  taking  a  great 
deal  of  interest  in  this  work,  and  employed  a  man  last  year 
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to  superintend  their  experiments  and  expect  to  do  so  again 
this  year.  Mankato  and  Austin  are  also  taking  an  interest 
in  the  work,  and  experiments  are  being  made  in  connection 
with  the  boards  of  trade.  At  Winona  much  careful  work 
has  been  done.  At  Madison,  and  Dawson,  in  Lac  qui  Parle 
county,  as  well  as  in  many  other  places  in  the  state  there 
have  been  both  interest  and  enthusiasm  shown  in  matters 
pertaining  to  sugar  beets. 

We  will  make  a  general  supervision  of  the  work  which 
you  have  outlined  and  will  ask  those  interested  at  different 
places  in  the  state  to  carry  out  the  work  under  our  direc- 
tions. 

Guess  work  should  not  be  allowed  in  any  experimental 
work  and  we  will  not  accept  it.  I  heartily  agree  with  you 
that  a  smaller  amount  of  work  done  thoroughly,  will  prove 
to  be  more  satisfactory. 

Very  respectfully  yours, 

WM.  M.  LIGGETT, 

Director. 

The  conditions  under  which  the  beets  are  to  be  grown 
are  as  follows : 

1.  The  soil  must  be  suitable  for  sugar  beet  culture,  as 
stated  on  page  378.  The  land  must  be  plowed  deep,  at 
least  nine  inches,  and  if  subsoil  is  hard,  a  subsoil  plow 
must  be  used. 

2.  An  accurate  account  of  the  time  spent  in  plowing, 
planting,  harvesting,  etc.,  must  be  kept  so  that  the  cost  of 
producing  the  crop  can  be  accurately  ascertained. 

3.  At  least  a  quarter  -acre  plot  must  be  grown,  and  a 
half  acre  may  be  grown  if  desired.  The  beets  mustbegrown 
in  rows  18  inches  apart  and  from  5  to  7  inches  apart  in  the 
row. 

4.  The  beets  are  to  be  properly  cared  for  and  kept  free 
from  weeds,  and  the  crop  in  the  fall  to  be  properly  harvested 
and  weighed  so  that  all  of  the  data  on  page  387  can  be 
given. 
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The  general  plan  is  to  grow  the  beets  in  the  same  way  as 
if  grown  for  a  beet  sugar  factory.  It  is  believed  that  if  the 
work  is  done  more  systematically  that  even  better  results 
can  be  obtained  than  those  reported  in  this  bulletin. 

GROWING  BEETS  FOR  BEET  SUGAR  FACTORIES. 

Since  the  preceding  bulletin  has  been  prepared  for  the 
press  I  have  received  a  letter  from  Hon.  Henry  Keller,  gen- 
eral manager  of  the  Minnesota  Beet  Sugar  Manufacturing 
Co.,  of  St.  Louis  Park,  Minneapolis,  Minn.,  stating  that  a 
sugar  beet  factory  will  be  in  operation  at  St.  Louis  Park 
October  1st,  1898,  and  it  is  desirable  to  obtain  contracts 
for  growing  sugar  beets. 

He  also  states  that  beets  properly  grown  and  contracted 
will  be  paid  for  at  the  rate  of  $4?  per  ton,  the  shipper  to  pay 
the  freight  charges  to  St.  Louis  Park  at  the  following  rates 
per  ton :  1  to  20  miles,  3oc.;  21  to  35  miles,  40c.;  36  to  50 
miles,  50c.;  51  to  70  miles,  60c.;  71  to  100  miles,  80c.  over 
the  Chicago,  Milwaukee  &  St.  Paul  and  the  Minneapolis  & 
St.  Louis  Railroads.  On  all  other  roads  $1.75  per  carload 
will  be  added  for  switching. 

This  notice  is  given  that  any  who  desire  to  grow  sugar 
beets  may  have  an  opportunity  to  grow  them  for  the  sugar 
beet  factory. 

WM.  M.  LIGGETT, 

Director. 


FATTESING  LAMBS  IS  WINTER, 


THOMAS   SHAW. 

This  Bulletin  contains  three  experiments.  These  were 
conducted  during  successive  winters  beginning  with  that  of 
1895-96,  and  they  all  relate  to  the  fattening  of  lambs.  In 
Section  No.  1  the  lambs  fed  were  reared  in  Minnesota,  and 
in  Sections  No.  2  and  3  they  were  grown  on  the  range. 


FATTENING  MINNESOTA  LAMBS. 


I 

I 


SECTION     NO.     1. 

In  the  experiment  conducted  in  feeding  lambs  at  our 
Station  during  the  winter  of  1894  and  '95,  screenings  was 
the  principal  grain  food  fed.  Prior  to  that  time  the  writer 
had  not  been  able  to  find  any  experience  in  our  state  in  fin- 
ishing lambs  entirely  on  coarse  grains  other  than  screenings. 
The  marked  relative  adaptability  of  this  food  for  finishing 
sheep  and  lambs  had  already  been  determined  in  a  general 
way  by  the  success  which  had  attended  such  feeding  at  the 
stockyards.  To  further  determine  the  value  of  screenings 
for  fattening  uses  in  a  more  precise  and  elaborate  manner 
seemed  to  be  the  ambition  of  some  experimenters,  by  first 
analyzing  them,  and  then  by  feeding  them  when  so  analyzed. 
But  the  single  experiment  above  referred  to  soon  convinced 
the  writer  that  experimentation  with  screenings  would  not 
result  in  any  great  good.  They  were  a  quantity  so  vari- 
able as  to  render  it  impossible  to  classify  them,  and  therefore 
impossible  to  Convey  to  the  average  mind  any  adequate  idea 
of  the  different  kinds  of  screenings.  No  two  samples  could 
be  found  that  were  alike;  while  some  samples  were  almost 
as  valuable  as  wheat  in  their  food  constituents  and  for  feed- 
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ing  uses,  other  kinds  were  but  little  better  than  chaff.  The 
only  real  tangible  good  therefore  that  would  seem  to  arise 
from  experimenting  with  them  further  would  be  to  show  the 
farmer  the  value  of  the  food  which  he  was  giving  away  every 
year.  This  had  already  been  demonstrated  by  the  almost 
exclusive  use  that  had  been  made  of  them  in  fattening 
sheep  at  the  stockyards.  The  presence  of  screenings  in 
quantities  so  large  was  not  creditable  to  the  farming  of  the 
state.  It  spoke  of  slovenly  and  careless  methods  of  cultiva- 
tion. To  spend  much  time  therefore  in  experimentation 
with  a  by-product,  the  very  existence  of  which  in  such 
quantities  was  a  stigma  on  our  agriculture  seemed  out  of 
place.  The  Station  that  did  so  would  unquestionably  be 
better  employed  in  teaching  the  farmer  how  not  to  grow 
■weed  seeds  than  how  to  feed  them  when  grown. 

It  was  determined,  therefore,  in  the  meantime  to  drop 
farther  experimentation  in  feeding  screenings  to  sheep  and 
lambs,  and  to  commence  a  series  of  experiments  that  would 
•cover  a  number  of  years  in  ascertaining  the  relative  and 
^Iso  the  intrinsic  value  of  the  various  coarse  cereals  grown 
in  the  state  for  such  a  use.  The  chief  of  these  are  com,  bar- 
ley, oats  and  flax,  all  of  which  grow  in  fine  form  within  our 
borders.  Heretofore  the  surplus  of  all  these  grains  had  been 
shipped  over  our  eastern  borders  every  year  in  the  trail  of 
mill  feed  sent  in  enormous  quantities  in  the  same  direction. 
These  experiments,  therefore,  were  planned  in  the  hope  of 
doing  something  that  would  tend  to  divert  this  intermin- 
able and  regretful  overflow  to  the  feed  yards  of  Minnesota 
farmers. 

Time  Covered  by  the  Experiment. — The  preparatory 
feeding  began  Dec.  23, 1895,  and  covered  a  period  of  7  days. 
The  experiment  proper  began  Dec.  30  and  ended  March  16, 
1896,  thus  covering  a  period  of  11  weeks  or  77  days.  On 
March  17  the  major  portion  of  the  lambs  were  shipped  to 
•Chicago  and  sold  for  the  Station  by  the  firm  of  Clay,Robin- 
>sori  &  Co.,  of  that  place. 


OBJECTS  SOUGHT— ANIMALS  USED. 


Fix.  19S.— Tbe  LambB  nfaea  Startiog  for  ChlcsKO. 

Objects  Sought  id  tbe  Experiment. — Prominent  among 
the  objects  sought  in  the  experiment  were  the  following : 
1.  To  learn  the  comparative  value,  in  fattening  lambs,  of 
certain  combinations  made  up  of  the  chief  of  the  coarse 
grains  grown  in  the  state;  2.  To  compare  feeding  snch 
food  in  limited  and  unlimited  quantities;  3.  To  ascertain 
the  outcome  from  feeding  such  foods  to  a  good  type  of  home 
grown  lambs.  The  minor  objects  sought  to  know :  1.  The 
relative  gains  that  would  be  secured  per  month;  2.  The 
relative  amounts  of  food  consumed  of  the  various  combina- 
tions and  the  gains  resulting  from  them;  3.  The  relative 
cost  of  the  gains. 

Tbe  Animals  Used. — The  lambs  used  in  the  experiment 
were  home  grown.  They  were  really  good  types.  In  fact 
they  wrere  of  a  character  that  wrould  docredittoanygrowrer. 
One  hundred  lambs  were  fed  and  they  w^ere  obtained  from 
three  sources.  The  lots  from  which  they  were  taken  num- 
bered 80,  24  and  5  head  respectively.  The  first  lot  was  pro- 
cured from  David  M.  Fyffe,  manager  for  Hugh  Paal,  of  the 
Wavertree  farm,  Dundee,  Minnesota.  They  reached  the 
Station  farm  on  Sept  8,  and  were  kept  on  pasture  with  a 
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supplement  of  oats  until  the  experiment  began .  The  average 
weight  at  the  time  of  purchase  was  85  pounds.  They  cost 
$4.00  per  100  pounfls  at  Dundee.  They  were  pastured  on 
blue  grass  of  inferior  quality  until  the  experiment  began 
Dec.  23,  and  were  also  fed  a  supplement  of  oats.  They  con- 
sumed 7,501  pounds,  hence  this  food  was  in  a  sense  their 
main  reliance.  Fifteen  cents  per  lamb  therefore  was  deemed 
an  ample  charge  for  the  pasture.  The  price  of  lambs  went 
away  down  later  in  the  season  and  so  remained  all  the  win- 
ter. They  could  have  been  bought  two  months  subsequent 
to  the  date  of  purchase  for  at  least  50  cents  less  per  100 
pounds.  They  were  chiefly  high  grade  Shropshires,  but  some 
of  the  largest  specimens  were  the  offspring  of  a  Cotswold 
cross  on  high  grade  Shropshire  ewes.  In  form  and  quality 
the  lambs  of  this  lot  were  really  good. 

The  second  Idt  were  purchased  from  Alexander  Gunn,  of 
Janesville,  Minnesota.  They  reached  the  Station  on  Dec. 
17.  The  average  weight  at  the  time  of  purchase  was  99.1 
pounds,  and  the  price  paid  was  $3.50  per  100  pounds.  In 
form  and  breeding  they  were  very  similar  to  the  first  lot. 
A  few  specimens  showed  indications  of  Lincoln  blood,  but 
the  major  portion  were  high  grade  Shropshires. 

The  third  lot  comprised  home  grown  lambs.  They  were 
Dorset  grades,  and  were  the  progeny  of  a  first  cross  of  the 
pure  Dorset  on  grade  ewes.  Being  late  lambs  they  weighed 
on  an  average  but  80.6  pounds  per  head.  They  were 
valued  at  3%  cents  per  pound.  From  the  first  lot  74  ani- 
mals were  chosen,  from  the  second  lot  21.  These  and  the 
5  home  grown  lambs  made  up  the  complement  of  100  lambs, 
and  they  contained  both  wethers  and  ewes,  but  the  former 
vvrere  much  the  more  numerous. 

Conditions  Governing  the  Experiment. — The  100  lambs 
were  divided  into  five  lots  of  twenty  each.  They  were  fed 
in  compartments  of  the  shed  that  were  side  by  side.  These 
were  18x20  feet  and  hinged  double  doors  opened  fi-om  them 
northward  to  yards  of  a  similar  size.     Except  in  stormy 
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weather  they  had  access  at  will  to  both  apartments,  and 
it  is  worthy  of  note  that  they  spent  much  of  the  time  in  the 
yards.  They  were  provided  with  water  in  buckets  during 
the  day.  Salt  was  likewise  kept  before  them  in  boxes.  They 
were  weighed  singly  when  put  upon  experiment,  and  every 
week  thereafter,  and  the  weights  were  duly  recorded. 

Food  and  Feeding, — The  lambs  in  lot  1  were  fed  oil- 
cake, com  and  oats^  in  the  proportions  of  1,  3  and  6  parts. 
This  food  was  kept  constantly  before  them  after  they  had 
been  led  up  to  full  feed.    The  lambs  in  lot  2  were  fed  the 
same  kinds  of  grain  and  in  similar  proportions,  but  of  this 
they  were  only  given  what  they  would  eat  clean.    And  like- 
wise the  lambs  in  the  remaining  lots  were  only  given  what 
they  would  eat  with  a  relish.    The  lambs  in  lot  3  were 
fed  oil-cake,  barley  and  oats,  in  the  proportion  of  1,  3  and  6 
parts.    Those  in  lot  4  were  given  precisely  the  same  kind 
of  grain  food  during  the  first  six  weeks  of  the  experiment, 
but  during  the  last  five  weeks  of  the  same  the  proportions 
were  changed  to  2,  3  and  5  parts  respectively  of  the  oil-cake, 
barley  and  oats.    The  lambs  in  lot  5  were  fed  oil-cake  and 
oats,  in  the  proportion  of  1  and  9  parts,  during  the  first  six 
weeks  of  the  experiment,  and  in  the  proportion  of  2  and  8 
parts  during  the  last  five  weeks  of  the  same.     During  the 
first  six  weeks  of  the  entire  experiment,  native  hay  was  fed, 
and  miserable  dried  stufiTit  was,  owing  to  cutting  too  long 
deferred  and  also  to  over-curing.    But  through  the  last  six 
weeks  of  the  experiment,  hay  essentially  clover  was  fed,  and 
of  good  quality.    The  oil  cake  was  fed  in  the  pea  form.    The 
grain  was  not  ground  nor  was  the  hay  cut.    The  aim  in 
feeding  was  to  secure  a  quick  finish,  as  the  lambs  were  in  a 
good  condition  of  thrift  when  the  experiment  began.    Some 
21  days  were  occupied  in  getting  the  lambs  onto  full  feed. 

Estimated  Value  of  the  Food.-^The  food  was  charged 
at  what  were  considered  the  average  market  values  for  the 
same.    They  were  as  follows : 
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Oil  Cake,  per  ton $14.00 

Corn,  per  bushel  of  56  pounds 18 

Barley,  per  bushel  of  48  pounds 16 

Oats,  per  bushel  of  32  pounds 14 

Native  Hay,  per  ton 3.00 

Clover  Hay,  per  ton 3.50 

Low  as  these  prices  are,  with  the  exception  of  hay,  they 
are  nearly  the  same  as  the  prices  for  which  the  various  pro- 
duct3  were  actually  laid  down  at  the  station,  and  they 
should  certainly  demonstrate  the  great  advantage  in  this 
respect  that  the  western  feeder  has  and  will  probably  for 
long  years  continue  to  have  over  the  eastern  feeder. 

Food  Consumed. — Table  LIV.  gives  the  respective  aggre- 
gate amounts  of  grain  and  hay  consumed  by  the  different 
lots  during  the  experiment  proper. 

TABLE  liTV—  Agrsrreffate  Amonnts  of  Food  Oonsumed. 


Lotl 

Lot  2           Lot  3 

Lot  4 

Lot  6 

Orain 

Lbs. 

3821 

900 

Lbs.       ;       Lbs. 
3710      i       3646 
1469      j      1866 

Lbs. 
3666 
1861 

Lbs. 
3696 

Hay 

1286 

■■■'"J •• •*•• 

4.721 

6169      i       6000 

C016 

4981 

The  total  of  grain  consumed  during  the  experiment 
proper  was  18,526  pounds,  and  during  the  12  weeks  of  feed- 
ing 19,716  pounds.  The  total  consumptionof  hay  during  the 
first  half  of  the  feeding  period  was  6,311  pounds,  and  during 
the  last  half,  6,780  pounds.  And  it  is  also  worthy  of  note 
that  during  the  first  6  weeks  of  feeding,  while  the  poor  qual- 
ity of  hay  was  being  fed,  the  consumption  of  the  same  was 
but  2,683  pounds;  during  the  last  6  weeks,  while  good  hay 
was  being  fed,  the  consumption  was  4,097  pounds.  In  other 
words,  the  proportion  of  hay  consumed  during  the  first  hall 
of  the  experiment  was  only  39  per  cent,  of  the  whole  con- 
sumption of  hay,  and  during  the  last  half  of  the  same  it 
was  61  per  cent.  The  bearing  of  this  upon  the  gains  will  be 
referred  to  later. 


INCIDENTS  OF  THE  EXPERIMENT. 


42a 


Table  LY.  gives  the  respective  quantities  of  grain  and  of 
hay  consumed  on  an  average  by  one  lamb  in  each  group 
during  the  experiment  proper,  and  also  the  sum  of  these 
eaten  by  one  lamb. 

TABItS  LV.— AvcrMT^B  of  Food  Consumed. 


Lot  1 

Lot  2 

Lots 

Lot  4 

Lot  5 

Grain 

Lbs. 

2.42 

.68 

Lbs. 

2.41 

.96 

Lbs. 

2.37 

.88 

Lbs. 

2.37 

.88 

Lbs. 
2.40 

Hay 

.80 

^m^^  .•■.....•.••..........•..■....•...•.. 

Totals 

3.00 

'     8.86 

8.26 

3.26 

3.20 

The  average  consumption  of  grain  by  the  lambs  in  each 
lot  was  very  uniform,  and  the  same  is  true  of  the  consump- 
tion of  hay  save  with  the  lambs  in  lot  1.  It  will  be  noticed 
that  with  them  the  consumption  of  hay  was  33^  per  cent, 
less  than  with  the  lambs  of  the  other  lots.  The  grain,  as 
previously  intimated,  was  fed  to  them  in  a  self-feeder,  and 
they  seemed  to  make  it  their  chief  food.  The  average  daily 
consumption  of  grain  with  the  lambs  in  all  the  lots  was 
2.39  pounds,  and  of  hay'1.82  pounds,  or  a  total  per  day  of 
3.21  pounds.  This  consumption  of  food  in  proportion  to  the 
gains  made  is  small  indeed,  and  speaks  much  for  the  high 
character  of  the  lambs. 

Incidents  ot  the  Experiment. — On  Feb.  20th  one  lamb 
died  in  lot  1,  from  a  digestive  trouble.  The  food  was  more 
or  less  impacted  in  the  stomach,  and  prompt  remedial  meas- 
ures failed  to  bring  relief.  This  lamb  weighed  90%  pounds 
when  put  upon  experiment,  and  104  pounds  when  he  died. 
Had  he  lived  he  would  have  weighed  a  little  more  than  110 
pounds  at  the  close  of  the  experiment,  on  the  supposition 
that  the  gain  made  by  him  subsequently  to  Feb.  20th  had 
been  at  the  same  rate  as  during  the  period  previous  to  that 
time.  The  value  of  this  lamb  is  not  of  course  included  in 
the  financial  summary^  nor  is  any  deduction  made  because 
of  the  food  consumed  by  him.  But  in  the  reckoning  of  cer- 
tain averages,  as  for  instance  those  which  relate  to  weights 
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on  the  whole  lot,  and  on  one  lamb  from  49.2  cents  to  22 
cents. 

When  the  lambs  were  ready  for  sale,  the  effort  was  made 
to  sell  them  to  the  dealers  of  St.  Panl  and  Minneapolis,  bat 
when  informed  of  the  weights  of  the  lambs  and  the  condition 
of  the  same,  without  even  inspecting  them,  as  w^ith  one 
voice  they  said  the  lambs  were  too  large  for  their  trade. 
This  to  the  writer  was  a  revelation,  as,  when  feeding  lambs 
in  Ontario  as  late  as  1893,  the  preference  was  given  there 
to  the  largest  and  best  finished  lambs  and  so  it  had  been 
for  years  previous.  As  the  Chicago  buyers  also  concluded 
that  the  lambs  were  too  heavy  to  bring  the  topmost  price, 
the  change  in  the  market  demand  in  favor  of  the  lamb  of  but 
medium  weight  was  thus  further  emphasized.  It  is  a  change 
that  cannot  be  ignored. 

But  when  the  dealers  intimated  that  because  of  the  high 
finish  of  the  lambs  the  meat  must  of  necessity  be  excessively 
tallowy  in  character,  the  writer  was  sure  they  were  mis- 
» taken.  The  lambs  had  been  fed  with  a  view  to  the  produc- 
tion of  the  best  quality  of  meat.  To  test  the  question,  one 
of  the  lambs  was  dressed  andserved  to  a  company  of  experts 
at  a  leading  caf&  in  St.  Paul.  The  St.  Paul  Pioneer  Press 
contained  the  following  in  the  issue  of  April  24th,  as  the  ver- 
dict of  those  who  feasted  upon  the  lamb:  "The  mutton  was 
fine  and  tender,  and  was  probably  as  delicious  a  piece  of 
meat  as  was  ever  served."  The  St.  Paul  Globe,  also  of  the 
same  date,  contains  the  following:  ''Such  sweet,  toothsome, 
succulent  lamb  never  before  graced  a  banquet  table  in  this 
country."  It  is  unfortunate  that  the  opinion  should  ever 
have  been  cherished  by  any  one  that  high  finish  in  lambs 
should  of  necessity  be  associated  with  an  undue  proportion 
of  tallow. 

Weights  of  the  Lambs. — As  each  individual  lamb  was 
given  an  ear  label  when  the  experiment  began,  and  as  the 
weights  were  recorded  every  week,  it  was  easily  possible  to 
trace  the  well  or  ill-doing  of  the  individual  lambs,  and  also 
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to  ascertain  their  relative  progress  during  different  periods 
of  the  experiment.  A  few  comments  bearing  on  these  fea- 
.tures  will  be  given  later. 

Table  LVIII.  gives  the  aggregate  weights  of  the  lambs  in 
»each  lot  at  the  commencement  of  the  feeding  period,  and  at 
the  beginning  and  close  of  the  experiment  proper,  with  the 
itotals  in  each  instance. 

TABLE  LVm.— Affffrerata  Welffhts  of  the  Lambs. 


Lotl 

Lot  2 

Lots 

Lot  4 

Lot0 

Totals 

'Wdehts  on  Dec.  23d.  1890 

Lbs. 
1,926 
1,927 
2,438 

Lbs. 
1,978 
1,991 
2,617 

Lbs. 
1,921 
1,937 
2,042 

Lbs. 
1,980 
1,982 
2,617 

Lbs. 
1,902 
l,t^84 
2,087 

Lbs. 
9,762 
9,M21 
12.796 

^Wei^hts  on  Dec.  80th 

Weights  on  March  16th,  1896 

Total  increase  in  weiirht 

006 

626 

600 

630 

603 

2,970 

Taking  into  account  the  lamb  that  died,  the  gains  in 
lot  1  would  have  been  616  pounds,  only  10  pounds  less 
than  the  gains  made  by  the  lambs  in  lot  2,  fed  on  a  similar 
ration  in  kind.  The  cost  in  making  the  gain  with  the  former 
was  also  a  little  more  than  with  the  latter.  On  the  whole 
the  stains  were  verv  uniform. 

Table  LIX.  gives  the  average  weight  of  the  lambs  in  each 
lot  when  the  preparatory  experiment  began,  when  the  ex- 
periment proper  began  and  closed,  and  the  average  total 
increase  made  by  the  lambs  in  eacli  lot. 

TABTiF.  LIX.— Averaira  Weights  and  Averaare  Qalzia. 


On  Dec. 
23,   1890. 

On  Dec. 
30,   1890. 

Oo  March 
16,   1896. 

ATcrage 
Increase. 

Lot  1 

Lbs. 
96.8 
98.9 
96.0 
99.8 
97.6 

Lbs. 
96.4 
99.6 
96.0 
99.1 
99.2 

Lbs. 

128.0 

130.9 

127.1 

130.9 

129.4 

Lbs. 
81.6 

Lot  2 

31.3 

Lot  3 

80.2 

Lot  4 

31.8 

X,ot  0 

80.2 

ATcragcs 

97.7 

98.2 

129.2 

31.0 

A  number  of  the  lambs  exceeded  150  pounds  in  weight. 
The  heaviest  lamb  weighed  170  pounds  when  the  experi- 
ment closed.    Taking  the  dead  lamb  into  the  account  will 
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reduce  the  average  increase  in  Lot  1  to  30.8  pounds,  as  only 
19  lambs  are  accounted  for  in  the  above  table  when  the 
said  increase  is  found.  The  average  monthly  gains  made  by 
the  lambs  of  the  respective  lots,  counting  in  the  lamb  that 
died,  were  as  follows : 

Lotl 12.0 

Lot  2 12.2 

Lot  3 11.8 

Lot* 12.4 

Lot  5 11.8 

Average 12.0 

These  gains,  in  proportion  to  the  food  fed.  are  unusually 
good,  and  they  tend  to  show,  first,  the  marked  capacity  of 
well-grown  Minnesota  Iambs  to  make  growth;  and,  sec- 
ond, the  marked  suitability  of  the  foods  used  for  making 
growth  in  our  winter  climate.  The  writer  never  succeeded 
in  obtaining  gains  so  good  when  feeding  lambs  in  Ontario 
on  a  diet  of  clover  hay,  oats,  peas   and   field  roots,  and 
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when  it  is  borne  in  mind  that  these  foods  are  all  staples  on 
the  farms  of  our  state,  the  possibilities  in  feeding  sheep  and 
lambs  in  the  same  would  seem  to  be  very  great.  Some  of 
the  individual  gains  made  were  extraordinary.  One  lamb 
went  into  the  experiment  at  96  pounds  and  came  out  of  it 
84f  days  later  at  151  pounds.  It  thus  gained  55  pounds,  or 
.655  pounds  per  day.  The  smallest  gain  made  was  8 
pounds.  It  should  also  be  noticed  that  while  during  the 
first  six  weeks  of  the  experiment  the  total  gains  were  1,453 
pounds,  during  the  last  six  weeks  they  were  1,691  pounds, 
or  238  pounds  more,  a  very  unusual  experience  in, feeding, 
and  doubtless  attributable  to  the  good  hay  fed  during  the 
last  half  of  the  feeding  period. 

Increase  in  Value. — Table  LX.  gives  the  value  of  the  food 
fed  during  the  experiment  proper,  the  value  of  the  increase 
in  weight  made  by  the  lambs  of  the  respective  lots  and  the 
profit  on  the  said  increase  in  weight. 

TABLE  liX  — Inoreaee  in  Value  During'  the  Bzperiznent  Proper. 


Lotl 

Lot  2 

Lot  3 

Lot  4 

Lot  6  

Totals 


Value  of 
Pood  Fed 


$18.83 
18.33 
18.03 
18.65 
19.86 


$98.60 


Value  of  In  cease 
In  Weight 


$26.27 
26JS4 
25.66 
26.92 
25.67 


$129.96 


Profit  on  In- 
creased Weight 


$6.44 
8.21 
7.62 
8.37 

6.71 


$36.35 


In  the  above  computation  the  increase  in  weight  is 
valued  at  $4.24  per  100  pounds,  the  net  price  received  for 
the  lambs  in  Chicago.  The  estimated  gain  made  by  the 
lamb  that  died,  which  is  put  at  20  pounds*  is  not  included 
in  the  reckoning.  In  every  instance,  therefore,  a  substantial 
profit  was  made  on  the  increased  weight  during  the  experi- 
ment. The  ability  to  make  such  gain  gives  the  western 
feeder  a  great  advantage  over  the  eastern  feeder,  and  this 
advantage  arises,  of  course,  from  the  greater  cheapness  of 
foods  in  the  east.  If  the  lambs  could  have  been  sold  at  the 
ordinary  prices  obtainable  for  such  animals  m  an  ordinary 
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3'ear,  the  profit  made  from  feeding  them  would  have  been  a 
most  handsome  one. 

The  average  cost  of  making  100  pounds  of  increase  in 
weight  during  the  experiment  proper,  without  the  gains 
made  by  the  dead  lamb,  was  $3.05.  The  cost  of  making 
100  pounds  of  increase  with  the  lambs  in  lot  four,  which 
^were  given  more  oil-cake  that  those  in  lot  three,  was  $2.92. 
Cheaper  gains  have  doubtless  been  made  in  Minnesota  from 
feeding  screenings  at  from  $3.00  to  $5.00  per  ton,  but  gains 
«o  cheap  were  never  made  by  the  writer  before  when  fat- 
tening sh^p  and  lambs,  and  may  never  be  made  again,  at 
least  in  this  state.  With  the  increase  of  livestock  production 
which  is  sure  to  come  the  price  of  food  must  rise.  The 
growers  of  live  stock  are  the  truest  friends  therefore  of  the 
farmers  who  are  engaged  in  growing  grain  only.  The  cost 
of  making  100  pounds  of  increase  with  the  lambs  in  lot  four 
was  $3.29,  or  37  cents  per  100  pounds  less  than  with  the 
lambs  in  lot  five;  hence  the  importance  of  looking  well  to 
the  relative  cost  of  foods  when  determining  upon  them  for 
feeding. 

Financial  Statement.— -Yalut  of  99  lambs 
on  March  17,  1896,  on  the  basis  of 
shrunk  weights  and  of  the  net  price  re- 
ceived for  those  shipped  to  Chicago $515.41 

Value  of  100  lambs  on  Dec.  30,  when  the  ex- 
periment proper  began,  on  the  basis  of 

cost $399.72 

Cost  of  food 93.60 

Totalcost 493.32 

Total  net  profit $22.09 

Total  net  profit  on  one  lamb .22 

Observations. — 1.  In  the  above  statement  the  value  of 
the  lamb  that  died  is  not  of  course  included,  and  the  cost  of 
Ihe  food  fed  to  it  is  also  charged  against  the  experiment. 
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2.  The  food  fed  is  charged  at  the  average  market  values 
paid  for  the  same.  To  charge  it  at  home  values,  the  true 
basis  of  valuing  such  foods  fed  upon  the  farm,  should  still 
further  lessen  the  price  put  upon  it. 

3.  Even  at  the  low  price  for  which  the  lambs  were  sold, 
they  would  have  averaged  to  the  grower,  shrunk  weight, 
$5.91  per  head. 

IMPORTANT  FACTS  SUMMARIZED. 

Values — 

1.  Average  value  per  100  pounds  on  the  basis  of  cost 
when  the  experiment  began,  Dec.  23th,  1895 $4.04 

2.  Value  per  100  pounds  when  the  experiment  pro- 
per began,  Dec.  30th.  1895 4.07 

3.  Value  per  100  pounds  on  the  basis  of  shrunk 
weights  when  delivered  in  Chicago,  March  18th, 
1896 4.65 

4.  Estimated  value  per  100  pounds  on  the  basis  of 
actual  receipts  after  deducting  the  expense  in- 
curred in  the  shipment  and  sale  of  the  lambs 4.24 

5.  DiflFerence  per  100  pounds  between  the  cost  price 
when  the  feeding  began  and  the  selling  price  in 
Chicago i 61 

6.  DiflFerence  per  100  pounds  between  the  cost  price 
when  the  experiment  began  and  the  selling  price 
in  Chicago,  after  deducting  the  expense  of  mar- 
keting  20 

Freights — 

1.  Cost  of  freight  per  lamb  on  each  of  the  80  lambs 
brought  from  Dundee,  Minn 18 

2.  Cost  of  freight  per  lamb  on  each  of  the  24  lambs 
brought  from  Janesville,  Minn 15 

3.  Cost  of  freight  per  lamb  on  each  of  the  84  lambs 
shipped  to  Chicago whenmarketed 41 

4.  Cost  of  freight  on  a  single  deck  car  from  the  Min- 
nesota transfer  to  Chicago 34.40 


1 


432  FATTENING  MINNESOTA  LAMBS. 


Weights—  Lb,. 

1.  Average  weight  per  lamb  of  80  lambs  shipped 
from  Dundee  to  the  Station 85. 

2.  Average  weight  per  lamb  of  24  lambs  shipped 
from  Janesville  to  the  Station 99.1 

3.  Average  weight  per  lamb  of  the  5  home-bred 
lambs  when  put  into  the  experiment 86.6 

4.  Average  weight  of  100  lambs  used  in  the  experi- 
ment when  the  feeding  began,  Dec.  23th,  1895 97.7 

5.  Average  weight  when  the  experiment  proper  be- 
gan, Dec.  30th,  1895 .  98.2 

6.  Average  weight  at  the  close  of  the  experiment, 
without  shrink,  March  16th,  1896 129.2 

7.  Average  weight  at  the  close  of  the  experiment, 
with  a  shrink  of  5  per  cent 122.8 

Increase  in  Weight — 

1.  Average  increase  In  weight  made  by  each  lamb 
during  the  experiment  proper  (77  days) 31.0 

2.  Average  increase  per  month  during  the  experi- 
ment proper 12.0 

Food  Consumed^ 

1.  Average  amount  of  grain  consumed  per  day  by 

each  lamb  during  the  experiment  proper 2.39 

2.  Average  amount  of  hay  consumed  per  day  by 

each  lamb  during  the  experiment  proper 82 

3.  Average  amount  of  food  consumed  per  day  by 

each  lamb  during  the  experiment  proper 3.21 

Cost  of  Increase — 

1.  Cost  of  making  100  pounds  of  increase  in  weight 
during  the  experiment  proper $3.05 

2.  Cost  ol  making  100  pounds  of  increase  with  the 
lambs  in  lot  4,  which  were  fed  a  larger  propor- 
tion of  oil  cake 2.92 
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Proi5ts— 

1.  Average  value  of  each  of  the  100  lambs  put  into 

the  preparatory  experiment  Dec.  23d,  1895 $3.94* 

2.  Average  value  of  each  of  the  100  lambs  put  into 

the  experiment  proper,  Dec.  30th,  1895 4.00 

3.  Average  value  of  each  lamb  (99)  at  the  close  of 
the  experiment,  March  16th,  1895,  without 
shrink 6.01 

4.  Average  value  of  each  lamb  (99)  at  the  close  of 

the  experiment  with  a  shrink  of  5  per  cent 5.91 

5.  Average  advance  in  value  over  the  cost  made  by 

each  lamb  during  the  entire  feeding  period 3.07 

6.  Total  net  profit  from  feeding  100  lambs  for  84 

days,  the  entire  period  of  feeding 22.09 

Total  profit  on  one  lamb  without  shrink 47 

7.  Total  net  profit  on  one  lamb 22 

CONCLUSIONS. 

The  following  are  among  the  more  important  of  the 
conclusions  that  may  be  gleaned  from  this  experiment : 

1.  That  all  the  food  combinations  used  in  the  feeding 
proved  very  suitable  for  fattening  lambs. 

2.  That  of  these  combinations,  barley  and  oats,  with 
oil  meal  added  in  larger  quantity,  produced  the  largest 
increase  in  weight  and  at  the  least  cost. 

3.  That  although  a  combination  of  oil  cake  and  oats 
produced  fair  gains,  it  was  the  most  costly  grain  food  fed. 

4.  That  the  greater  consumption  of  good  clover  hay  as 
compared  with  inferior  native  hay,  and  the  greater  gains 
resulting,  emphasizes  the  importance  of  feeding  good  fodder. 

5.  That  the  average  gains  made  by  the  lambs,  viz.,  12 
pounds  per  month,  were  extraordinary  from  fhe  food  fed, 
viz.,  3.21  pounds  per  day. 

6.  That  the  low  price  of  western  foods  makes  it  pos- 
sible to  produce  mutton  very  cheaply,  since  in  this  experi- 
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ment  with  the  lambs  in  lot  4,  100  pounds  of  increase  was 
made  at  a  cost  of  but  $2.92. 

7.  That  feeding  lambs  on  an  unlimited  grain  ration  as 
in  this  experiment  is  not  so  satisfactory  as  feeding  them  on 
the  same  in  quantity  adapted  to  their  daily  needs. 

8.  That  very  large  lambs  are  not  the  best  adapted  to 

» 

the  changed  market  conditions. 


FATTENING  RANGE  LAMBS. 


SECTION  NO.  2. 


THOS.  SHAW. 

Sheep  and  lambs  are  grown  every  year  upon  the  vast 
ranges  that  lie  westward  from  Minnesota,  and  in  numbers 
that  run  up  into  the  millions,  and  so  it  is  likely  to  be  in  all 
the  years  that  are  yet  to  come.  The  grazing  of  cattle  upon 
the  western  ranges  may  possibly  decrease,  but  the  growing 
of  sheep,  from  the  very  nature  of  things,  is  likely  to  increase. 
In  a  loiig  succession  of  train  loads,  every  year,  these  sheep 
and  lambs  pass  through  our  state,  while  being  sent  to  the 
feed  lot  on  the  market.  With  the  exception  of  what  is  being 
done  at  the  stockyards  of  South  St.  Paul  and  New  Brighton, 
fattening  sheep  and  lambs  has  received  almost  no  atten- 
tion at  the  hands  of  the  Minnesota  farmer.  This  experi- 
ment, therefore,  was  undertaken  to  ascertain  whether  a 
good  profit  could  not  be  made  by  the  farmers  of  the  state 
from  feeding  range  lambs. 

It  would,  doubtless,  be  correct  to  say  that  the  major 
portion  of  the  sheep  fattened  west  of  Chicago  are  fattened 
at  stock  yards  established  at  various  feeding  centers  along 
the  lines  of  railway.  They  are  fattened  at  these  in  a  whole- 
sale way,  which  is  oftentimes,  in  the  very  nature  of  things, 
attended  with  a  high  mortality.  The  food  fed  to  them  must 
all  come  from  the  farm,  and  the  regretable  feature  about  it 
is,  that  the  wheat  screenings  which  forms  the  principal  por- 
tion of  the  food  is  all  given  away  by  the  farmers,  and  a 
large  portion  of  the  manure  made  is  utterly  wasted.  This 
experiment  was  undertaken,  therefore,  in  the  hope  of  doing 
something  that  would  tend  to  divert  this  industry  to  its 
rightful  channel,  that  is  to  say,  from  the  stock  yards  to  the 
farm.    It  is  even  now  a  great  industry,  but  there  are  good 
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reasons  for  believing  that  it  is  only  in  its  infancy.  It  is  ex- 
ceedingly to  be  desired,  therefore,  that  the  Minnesota  farmer 
should  participate  in  the  benefits  thereof,  providing  he  finds 
profit  in  it.  And  to  encourage  him  in  the  work  all  the  rail' 
road  lines  running  over  the  northern  half  of  the  state  will 
allowof  feeding  in  transit.  This  means  that  the  intending 
feeder  may  purchase  feeding  stocks  to  the  westward.  Hef 
can  then  pay  the  freight  on  them  to  the  point  of  ultimate 
delivery,  can  unload  them  at  his  nearest  station  on  the  way, 
can  feed  them  there  for  a  season,  and  can  then  re-ship  them 
with  no  further  charge  than  a  nominal  sum  for  shunting  the 
car. 

Time  Covered  by  the  Experiment. — ^The  lambs  were  put 
on  food  Nov.  10,  1896,  and  the  preparatory  feeding  then 
begun  continued  for  six  days.  The  experiment  proper 
began  Nov.  16,  and  ended  Feb.  8, 1897.  It  thus  covered  a 
period  of  12  weeks  or  84  days.  They  were  still  kept  on  full 
feed  until  March  24  following,  when  they  were  sent  to  the 
block.    The  lambs  were  fed  in  all,  therefore,  for  134  days. 

Objects  Sought  in  the  Experiment. — Chief  among  the 
objects  of  the  experiment  were  the  following:  To  ascertain, 
1.  The  suitability  of  range  lambs  for  being  fattened  under 
what  may  be  termed  farm  conditions;  2.  The  relative 
adaption  of  various  foods  for  fattening  lambs,  such  as  are 
easily  accessable  to  the  farmer;  3.  The  probable  outcome 
viewed  from  thestandpoint  of  profit.  The  secondary- objects 
sought  information  bearing  upon  such  points  as,  1.  The 
consumption  of  food;  2.  The  gains  per  month;  3.  The 
cost  of-making  100  pounds  of  gain;  4.  The  duration  of 
the  fattening  period  that  would  show  the  greatest  profit. 

The  Animals  Used, — The  lambs  used  in  the  experiment 
numbered  1 20.  They  were  taken  from  a  lot  of  160  shipped 
down  from  Crookstou  on  October  28.  They  formed  part 
of  a  carload  of  lambs  and  wethers  that  had  been  purchased 
by  the  writer  in  the  range  country  in  Montana  late  in  Sep- 
tember.   They  were  bought  on  Prospect  Ranch,  of  which 
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Wm.  B.  Shaw  is  the  manager,  and  were  shipped  in  a  donble 
deck  car  from  Culbertson,  702  milea  west  from  St.  Paul. 
There  was  one  deckload  of  lambs  and  one  of  wethers.  The 
former  numbered  187,  and  the  latter  numbered  100. 

Col.  W.  M,  Liggett,  the  director,  was  anxious  to  ascer- 
tain the  outcome  from  pasturing  the  whole  lot  for  a  time  at 
the  sub-experiment  station  farm  at  Crookston,  as  native 
pasture  at  the  time  was  plentiful  there.  They  were  accord- 
ingly unloaded  at  that  station.  That  part  of  the  experi- 
ment was  not  satisfactory.  The  weather  turned  cold  and 
stormy  that  autumn  at  a  period  unusually  early.  The  severe 
frosts  kilted  thenative  pasture,  and  in  the  absence  of  suitable 
protection  the  lambs  did  not  make  that  progress  that  had 
been  anticipated.  Not  a  few  of  them  had  contracted  colds 
in  the  meantime,  which  no  doubt  hindered  to  some  extent 
their  future  well-doing. 

The  lambs  were  chosen  for  the  experiment  on  the  ground 
of  uniformity  rather  than  on  that  of  absolute  size.  They 
were  the  offspring  of  grade  Merino  dams  and  Oxford  Down 
sires.    Nearly  all  of  them  had  the  dark  face  and  legs  of  the 
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Oxford  Down,  whik  some  of  them  still  retained  the  fiatdsh 
rib  and  traces  of  the  wrinkly  neck  which  speak  of  Merino 
blood.  They  were  late  lambs,  as  Montana  lambs  mnst  of 
necessity  be.  They  were  dropped  in  May.  They  weighed 
on  an  average  bnt  43.8  pounds  per  head  when  they  reached 
Crookston^  bnt  these  weights  were  taken  soon  after  they  left 
the  car  and  when  they  were  greatly  shrunken  from  prolonged 
fasting.  The  lambs  selected  for  fiseding  weighed  on  an 
average  57.2  pounds  without  shrink  when  put  into  the 
experiment. 

The  whole  lot  cost  on  an  average  $1.25  per  head  in 
Montana.  On  the  basis  of  the  shrunk  weights  at  Crooks- 
ton,  this  would  make  the  price  $2.85  per  100  pounds,  and 
on  the  basis  of  unshrunk  weights,  allowing  the  average 
weight  to  be  48  pounds  before  shipment,  it  would  fix  the 
price  at  $2.60  per  100  pounds.  As  the  lambs  which  were  put 
under  experiment  were  somewhat  better  than  the  average, 
it  will  be  equitable  to  charge  them  at  $2.85  per  100  pounds ; 
that  is  to  say,  a  virtual  advance  of  25  cents  per  100 
pounds  over  the  price  paid  in  Montana.  This  would  make 
the  average  cost  of  each  lamb  $1.93,  or  $3.37  per  hundred 
when  the  preparatory  experiment  began,  as  will  be  shown 
below. 

Conditions  Governing  the  Experiment.— The  lambs  were 
divided  into  four  lots,  with  30  lambs  in  each  lot.  Thev 
were  divided  as  evenly  as  possible,  on  the  basis  of  general 
form  and  aggregate  weights.  They  were  fed  in  the  apart- 
ments of  a  shed,  18x20  feet  being  allowed  to  each  lot. 
These  apartments  were  side  by  side,  and  each  opened  by 
double-hinged  doors  into  yards  of  similar  size.  The  j-ards 
are  on  the  north  side  of  the  building,  which  of  course  was 
not  favorable  to  the  experiment.  They  were  kept  nicely  lit- 
tered, and  the  lambs  had  access  to  them  at  will  dav  and 
night,  except  in  stormy  weather.  Water  kept  in  buckets  was 
virtually  accessible  at  all  times  during  the  day,  and  common 
salt  was  kept  in  small  boxes  in  each  apartment  of  the  shed. 
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The  lambs  were  weighed  singly  at  the  beginning  of  the  ex- 
periment, and  ever  J  week  thereafter,  and  a  most  careful 
record  was  kept  of  the  weights. 

Food  and  Feeding, — ^The  grain  portion  given  to  the 
lambs  was  as  follows :  Those  in  lot  1  were  fed  oil  cake, 
wheat  bran,  corn  and  oats  in  the  proportions  of  1,  2,  3  and 
4  parts  respectively  by  weight.  The  lambs  in  lot  2  were 
fed  oil  cake,  bran,  barley  and  oats  in  similar  proportions. 
In  lot  3  they  were  fed  bran,  oil  cake,  barley  and  oats  in  the 
proportions  of  1,  2,  3  and  4  parts.  With  the  lambs  in  lot  3, 
therefore,  the  quantities  of  bran  and  oil  cake  fed  respect- 
ively were  reversed  as  compared  with  those  of  lot  2.  And 
in  lot  4  they  were  fed  oil  cake  and  oats  in  the  proportions 
of  1  and  9  parts.  The  fodder  consisted  of  native  hay  only. 
The  experiment  therefore  was  virtually  a  test  between  corn, 
barley. and  oats  as  food  factors  in  fattening  lambs. 

The  quality  of  the  food  was  excellent,  except  the  hay, 
which  was  very  poor.  It  had  been  cut  from  native  prairie 
meadow,  tinharvested  the  previous  year,  and  much  of  it 
therefore  was  simply  dead  grass,  alike  unpalatable  and 
unnutritious.  This  accounts  for  the  small  relative  con- 
sumption of  hay,  and  in  part  at  least  for  the  very  moderate 
gains  made  by  the  lambs. 

The  oil  cake  was  fed  in  the  pea  form.  The  grain  was 
not  ground  nor  was  the  haj"  cut.  The  lambs  were  given  of 
both  grain  and  hay  what  they  would  eat  clean  with  a  relish. 
If  any  indication  of  loathing  of  food  was  noticed,  the  quan- 
tity of  food  was  reduced.  They  were  gradually  led  up  to  a 
full  ration.    The  time  thus  occupied  was  about  21  days. 

Estimated  Value  of  the  Food. — The  food  was  charged 
at  what  were  considered  average  market  values  in  the  state 
as  nearly  as  these  could  be  ascertained.  The  prices  affixed 
to  the  various  factors  of  the  ration  on  the  above  basis  were 
as  follows . 
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Oil  Cake,  per  ton $14.00 

Bran,  per  ton 6.50 

Corn,  per  bushel  of  56  pounds .18 

Barley,  per  bushel  of  48  pounds .16 

Oats,  per  bushel  of  32  pounds .14 

Hay,  per  ton 3.00 

The  prices  actually  paid  for  the  oil  cake,  com,  barley  and 
oats  were  virtually  about  the  same  as  those  given  in  the 
estimate,  and  the  bran,  which  is  charged  at  $6.50  per  ton, 
only  cost  $i«.50  at  the  Minneapolis  mills.  These  figures  rep- 
resent unusually  low  prices,  lower  probably  than  will  ever 
be  seen  again  in  the  Northwest.  The  revival  in  meat  pro- 
duction which  was  manifest  while  this  experiment  was 
being  conducted  means  also  an  increase  in  the  prices  of 
grain. 

Food' Consumed  During  the  Experiment  Proper. — Table 
LXI.  gives  the  quantity  of  food  consumed  by  the  lambs  in 
each  lot  during  the  experiment  proper. 

TABI<E  LXI.— Food  ConsunMd. 


Grain. 
Hay... 


Totals 


Lot  1 


Lot  2 


lbs. 

6,137 

1.208 


6.935 


lbs. 

4.974 

1,200 


6.174 


Lota 

lbs. 

6.127 

1,196 

• 

Lot  4 

lbs. 
4,771 
902 

6  323 

6,673 

Totals 

lbs. 
19.999 
4.606 


24.606 


The  lambs  in  lot  4  were  considerably  the  lowest  in 
consumption  of  food  and  next  to  them  in  this  respect  were 
the  lambs  in  lot  2.  They  were  also  the  lowest  in  increase 
in  weight  as  will  be  shown  below,  although  the  lambs  in 
lot  4  were  slightly  ahead  of  those  in  lot  2  in  gains 
made.  In  this  we  have  another  evidence  of  the  relation  be- 
tween a  free  consumption  of  food  and  good  gains,  and  vice 
versa.  The  consumption  of  fodder  was  scarcely  23  per  cent 
of  the  consumption  of  grain,  a  proportion  that  would  seem 
to  be  too  small  to  produce  the  best  returns,  but  it  was  oc- 
casioned by  the  poor  quality  of  the  hay. 
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Table LXII.  gives  the  averages  ol  foodconstimed  per  day 
by  the  lambs  of  each  lot,  and  by  those  in  all  the  lots  during 
the  experiment  proper. 

TABLE  liXH.-Food  Consumed  by  Each  Lamb. 


Grain 

Hay 

Totals 


Lotl 

Lot  2 

Lots 

Lot  4 

Ibfl. 

2.03 

.48 

lbs. 

1.97 

.48 

lbs. 

2.03 

.47 

lbt«. 

1.89 

.86 

2.61 

2.45 

2.60 

2.26 

All  tbe  Iota 

Iba. 

1.98 

.46 

2.48 


The  total  consumption  of  food  was  relatively  low,  even 
for  light  lambs,  but  it  was  occasioned  as  heretofore  stated 
by  the  poor  quality  of  the  hay.  Those  who  feed  a  poor 
quality  of  fodder  purposely,  as  is  sometimes  done,  to  force 
a  greater  consumption  of  grain,  are  in  error.  Grain  and 
fodder  must  be  fed  in  equilibrium  to  obtain  the  very  best 
results.  To  ascertain  this  equilibrium  presents  a  wide  field 
for  investigation.  It  will  be  observed  that  the  lambs  in  lot 
3  consumed  quite  a  little  more  food  than  those  in  lot 
2.  This  probably  arose  from  tlie  favorable  influence 
which  the  larger  quantity  of  oil-cake  fed  to  them  exercised 
on  digestion,  as  this  was  the  only  difference  in  the  ration  fed 
to  the  lambs  of  these  respective  lots. 

Valae  of  Food  Consumed. — Table  LXIII.  gives  the  re- 
spective values  of  the  food  consumed  during  the  prcrparatory 
experiment  and  the  experiment  proper,  and  the  total  cost 
of  the  same. 

TABLE  LXIII.— Value  of  Food  Conaumed. 


• 

Preparatory 
Bzpcriinent 

Bxperiment 
Proper 

Totals 

Lot  1 

Lot  2 

$1.29 
1.30 
1.39 
1.44 

$22.64 
23.18 
24.74 
23.90 

$23.93 
23  48 

Lot  8 

Lot  4 

2<^.13 
25.34 

Totals 

$6.42 

$93.46 

$98.88 
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The  lambs  in  lot  3  cost  the  most  for  food  and  yet 
they  made  the  largest  profit  as  will  be  shown  below.  Those 
in  lot  4,  which  came  second  in  point  of  cost,  are  lowest 
in  point  of  pr6fit.  They  are  so  placed  by  the  rejative  higher 
price  of  the  oats  fed  rather  than  by  the  lesser  gains  made. 

Profits  Made  During'  the  Experiment  Proper,  —  Table 
LXIV.  gives  the  value  of  the  lambs  in  each  lot;  1.  At  the 
commencement  of  the  experiment  proper;  2.  The  cost  of 
food  fed  during  the  same ;  3.  The  total  cost  of  the  lambs  up 
to  the  close  of  the  experiment  proper;  4.  The  value  of  the 
lambs  at  that  time;  5.  The  profit  made  on  the  lambs  in 
each  lot  during  the  experiment. 

TABUS  liXIV.^Profits  Made  Baring  the  Experiment  Proper. 


Lotl 

Lot  2 

Lots 

Lot  4 

Totals 

Value  Nov.  16th,  1896 

Cost  of  Feed 

$A9.96 
22.64 

$58.82 
22.18 

$68.79 
24.74 

$09.10 
23.90 

$236.67 
93.46 

Total  Cost 

$82  60 
11V.76 

$81.00 
110.37 

$83.53 
116.51 

$83.00 
111.35 

$330.13 

Value  on  Feb.  8th,  1897 

450.99 

Profit 

$30.16 

$29.87 

$32.98 

$28.35 

$120.86 

The  profit  thus  made  on  each  lamb  from  feeding  it  for 
77  da3-s,  was  $1.01.  This  profit  is  based  upon  the  actual 
cost  of  the  lambs  when  the  experiment  proper  began,  the 
cost  of  the  food  fed  deducted  from  the  sum  produced  reckon- 
ing the  lambs  at  the  same  rate  as  they  were  actually  sold 
for  on  March  24th,  but  it  does  not  include  any  shrink.  The 
statement  with  shrank  weight  included  is  made  later.  They 
were  bought  by  E.  M.  Prouty  &  Co.,  South  St.  Paul,  for  W. 
E.  McCormick,  also  of  St.  Paul,  to  be  sold  by  the  latter  in 
the  dressed  form  to  retailers.  The  price  paid  was  $4.87% 
per  100  pounds,  live  weight.  The  average  cost  of  each 
lamb  was  $1.93  when  the  preparatory  experiment  began 
and  the  value  per  100  pounds  was  $3.37.  These  figures 
were  obtained  as  now  described:  The  lambs,  in  Montana 
cost  on  an  average  $1.25  each.  This  on  the  basis  of  greatly 
shrunken  weight,  taken  at  Crookston,  viz.,  43.6  pounds  per 
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lamb,  made  the  price  per  hundred  in  Montana  $2.85  on 
the  basis  of  unshrunk  weight.  Averaging  the  ^mbs  at  48 
pounds  each,  it  would  make  the  price  per  hundred  in  Mon- 
tana $2.60.  But,  as  previously  stated,  the  lambs  on  going 
into  the  experiment  were  charged  at  $2.85  per  hundred,  as 
they  were  considered  a  little  better  than  the  average  of  the 
whole  lot.  The  value  of  each  lamb,  therefore,  put  under 
experiment,  was  $1.63  in  Montana,  as  they  weighed  57.2 
pounds  on  an  average.  The  average  of  freight  on  each 
lamb  on  the  basis  of  weights  was  19.1  cents ;  and  the  aver- 
age freight  for  each  lamb  going  into  the  experiment  on  the 
same  basis  was  23  cents;  and  7  cents  per  lamb  was  allowed 
for  pasture.  Adding  $1.63,  therefore,  the  cost  per  lamb  in 
Montana,  23  cents,  the  cost  of  freight,  and  7  cents,  the  cost 
of  pasture,  gives  $1.93  as  the  cost  per  lamb  on  Nov.  10th, 
and  $3.37  as  the  cost  per  hundred.  When  the  experiment 
proper  began,  however,  the  cost  had  been  increased  to  $1.97 
per  lamb  and  to  $3.44  per  hundred.  These  are  higher  prices, 
relatively,  than  were  paid  for  the  average  of  such  lambs  in 
the  stockyards  at  the  time. 

Weights  of  the  Lamb$.— Table  LX  V.  gives  the  aggregate 
weights  of  the  lambs  in  each  lot  when  the  preparatory  feed- 
ing began,  and  when  the  experiment  proper  began  and 
closed,  with  the  total  weights  and  the  aggregate  increase  in 
weight  during  the  experiment  proper. 

TABLE  LXV.— Weifirhto  of  the  Lamb*. 


Lotl 

Lot  2 

Lots 

Lot  4 

Totals 

• 

Wdght  on  Nov.  1  Otb,  1896 
Weight  on  Nov.  16th,  1896 
Weight  on  Feb.  28tb,  1897 

Lbs. 
1,705 
1,743 
2.813 

Lbs. 
1,725 
1,710 
2,264 

Lbs. 
1,685 
1,709 
2,390 

Lbs. 
1,745 
1,718 
2,284 

Lbs. 
6,860 
6.880 
9,251 

Total  increase  in  weight 

570 

554 

681 

566 

2,871 

It  will  be  noticed  that  during  the  preparatory  period 
the  120  lambs  made  a  total  increase  of  only  20  pounds. 
The  bad  condition  in  which  they  reached  the  station  seemed 
to  tell  against  them  during  the  entire  experiment. 


444 


FATTENING  RANGE  LAMBS. 


Table  LXVI.  gives  the  average  weight  of  the  lambs  in 
each  group^hea  the  feeding  period  began,  and  when  the  ex- 
periment proper  began  and  closed,  with  the  average  of  in- 
crease made  by  one  lamb  in  each  group,  and  also  the  aggre- 
gate of  increase  made  by  the  lambs  in  the  respective  lots. 

TABLE  LXVI.~Avera«e  WeiffhtB. 


On  Nov. 
10th.  1896. 

On  Nov. 
16th.  18ifQ. 

On  Feb. 
8th,  1897. 

Average 
Increaae. 

Affgrejrate 
Increase. 

Lot  1 

Lot  2 

Lot  3 

Lot  4 

Lbs. 
66.8 
57.6 
56.2 
58.2 

Lbs. 
68.1 
67.0 
67.0 
57.2 

Lbs. 
77.1 
75.6 
79.7 
76.1 

Lbs. 
19.0 
18.6 
22.7 

lf».9 

Lbs. 
670 
56<4 
681 
566 

Averai^es.. 

57.2 

67.S 

79.1 

19.8 

698 

It  will  be  noticed  that  the  lambs  in  lot  3  made  an 
aggregate  increase  of  84  pounds  more  than  the  lambs  in 
lot  1,  which  came  second  in  the  gains  made.  They  also 
made  an  aggregate  gain  of  127  pounds  more  than  the 
lambs  in  lot  2.  which  were  fed  similarly  except  that  those 
in  lot  3  were  given  a  double  portion  of  oil  cake. 

The  average  increase  per  month  during  the  experiment 
proper  of  the  lambs  of  the  respective  lots  was  as  follows: 


Lbs. 


Lotl 6.78 

Lot  2 6.60 

Lot  3 8.11 

Lot  4 6.74 


Average 7.06 

These  gains  are  not  high  in  any  instance;  in  fact,  they 
are  relatively  low,  except  with  the  lambs  in  lot  3.  The 
reasons  are  doubtless  found  in  the  somewhat  shaky  condi- 
tion of  the  lambs  when  put  under  experiment,  and  in  the 
inferior  character  of  the  hav  fed. 

Proht  on  the  Increase  Made  During  the  Experiment 
Proper.— ^Table  LXVIL  gives  the  value  of  the  increase  made 
by  the  lambs  of  each  lot  during  the  experiment  proper,  the 
cost  of  making  the  same,  and  the  profit  on  the  said  increase. 
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TABLE  LXVU.- 

-Profit  on  Increase. 

Value  of 
Increase. 

Cost  of 
Increase. 

Profit  on 
Increase. 

Lotl 

Lot  2 

$27.79 
27.01 
33.20 
27.09 

$22.64 
22.18 
24.74 
23.90 

$0.15 
4.83 

Lot  3 

8.46 

Lot  4 

3.69 

Totals 

$110.59 

$93.46 

$22.13 

It  will  be  noticed  that  in  every  instance  a  profit  was 
made  on  the  increase  in  weight  during  the  experiment  pro- 
per. When  this  can  be  done,  substantial  profits  are  assured 
tinder  ordinary  conditions.  This  profit  arose  not  so  much 
from  the  good  gains  made  as  from  the  low  cost  of  the  food. 
Much  the  largest  profit  was  made  on  the  lambs  in  lot  3, 
which  were  given  the  double  portion  of  oil  cake.  The  least 
profit  was  made  on  the  lambs  in  lot  4,  not  because  of  low 
gains  made,  but  rather  on  account  of  the  higher  relative 
prices  of  the  grain  portion  fed  to  them.  The  average  cost 
of  making  100  pounds  of  increase  durin9[  the  experiment 
proper  was  $3.94,  while  the  price  obtained  for  the  lambs  on 
March  24th  was  $4.87Vi.  The  lambs  were  quite  ready  for 
the  market  when  the  experiment  proper  closed,  and  the  sell- 
ing price  therefore  should  be  put  as  high  as  when  the  lambs 
were  sold. 

Financial  Statement. — Value  of  the  lambs 
on  Feb.  28th,  1897,  at  $4.87y2  per  100 
pounds,  and  with  a  shrink  of  4  per  cent,  $432.95 

Value  of  the  lambs  when  the  experiment  be- 
gan, Nov.  16th,  on  the  basis  of  cost $236.57 

Cost  of  food  fed 93.46 

Total  Cost 330.13 

Total  profit $102.82 

Net  profit  on  each  lamb 1.06 

Observations. — The  value  of  the  manure  is  supposed  to 
offset  the  items  of  bedding,  labor  and  interest  on  the  invest- 
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ment.  Whether  this  estimate  is  too  favorable  to  the  experi- 
ment, as  applied  to  average  farm  conditions,  must  be  deter- 
mined hy  each  farmer  for  himself. 

2.  If  the  food  had  been  charged  at  home  values  the 
profit  would  be  increased,  as  the  home  value  of  food  is 
alwavs  less  than  the  market  value. 

Disposal  of  the  Lambs, — It  would  be  impossible  to  give 
a  statement  bearing  upon  the  disposal  of  the  lambs  that 
would  be  complete  in  every  detail.  On  Feb.  28,  when  the 
experiment  proper  closed,  the  lambs  were  in  a  good  condi- 
tion of  finish  and  then  it  was  that  they  should  have  been 
sold.  But  the  sale  was  delayed  to  find  a  home  market  for 
them  rather  than  ship  them.  This  resulted  in  a  delay  which 
kept  them  in  the  feeding  pens  until  March  24.  In  the  mean- 
time a  limited  number  of  them  were  slaughtered  for  use  in 
the  supply  department  of  the  school  of  agriculture.  Five 
lambs  died  in  the  interval  between  Feb.  28  and  March  24. 
They  seemed  to  be  affected  similarly,  that  is  to  say,  the 
urinary  organs  were  affected.  In  nearly  all  instances  the 
bladder  was  more  or  less  inflamed,  and  the  kidneys  were 
sympathetically  affected.  The  trouble  was  supposed  to 
originate  in  the  somewhat  shaky  condition  of  the  lambs 
induced  by  autumn  exposure,  prior  to  the  feeding  period, 
which  so  weakened  the  constitution  as  to  unfit  them  for 
prolonged  heavy  feeding.  These  losses  would  of  course 
detract  from  the  profits  during  the  entire  period  of 
feeding,  and  their  occurrence  emphasizes  the  great  import- 
ance of  promptly  disposing  of  animals  when  ready  for  the 
block.  Another  lamb  was  also  lost  in  the  autumn,  making 
six  in  all.  It  was  affected  with  tapeworm.  The  entire  loss, 
therefore,  was  2.4  per  cent  as  245  lambs  and  wethers  in  all 
were  brought  to  the  station  from  Crookston,  and  in  nearly 
all  instances  the  animals  lost  were  relatively  low  in  value. 
With  the  exceptions  named,  the  lambs  were  sold  as  previously 
stated. 
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IMPORTANT  FACTS  SUMMARIZED. 

Values, — 

1.  Price  paid  per  100  pounds  for  the  187  lambs 
bought  in  Montana  on  the  basis  of  unshrunk 
weights $2.60 

2.  Price  charged  per  100  pounds  in  Montana  against 

the  120  lambs  put  into  the  experiment 2.85 

3.  Price  per  100  pounds  on  the  basis  of  cost  for  120 
lambs  put  under  experiment  Nov.  16,  1896 3.44 

4.  Value  per  100  pounds  on  Feb.  28, 1897,  when  ex- 
periment proper  closed,  based  on  the  price  for 
which  the  lambs  were  sold  March  24 4.87^ 

5.  Difference  per  1 00  pounds  between  cost  price  and 
selling  price 1.43V& 

Freights, — 

1.  Cost  of  freight  per  lamb  on  187  lambs  brought 

from  Montana,  on  the  basis  of  weights 19 

2.  Cost  of  freight  per  lamb  on  120  lambs  put  into 

the  experiment,  on  the  basis  of  weights 23 

3.  Cost  of  freight  per  wether  on  100  wethers  of 
same  shipment,  also  computed  on  the  basis  of 
weights 43% 

4.  Cost  of  freight  on  one  car  carrying  187  lambs 
and  100  wethers  from  Culbertson  to  St.  Paul, 

702  miles,  with  $1.40  added  as  cost  of  food 79.40 

Weights. — 

1.  Average  weight  per  lamb  of  the  entire  shipment        Lbt. 
on  reaching  Crookston 43.8 

2.  Average  weight  of  the  same  in  Montana.  Esti- 
mated       48.0 

3.  Average  weight  per  lamb  of  the  120  lambs  put 

into  the  experiment  Nov,  10.  1896 57.2 

4.  Average  weight  per  lamb  when  the„  experiment 
proper  began,  Nov.  16 57.3 

5.  Average  weight  per  lamb  when  the  experiment 
proper  closed,  Feb.  28,  1897 91.1 
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Increase  in  Weight. 

1.  Average  increase  in  weight  made  by  each  lamb        Lba. 
during  the  77  days  of  the  experiment  proper 18.^ 

2.  Average  increase  per  month  during  the  experi- 
ment proper... 7.0& 

3.  Average  increase  per  month  of  lot  three,  fed  a 
double  portion  of  oil-cake 8.11 

-Foodf  Consumed, — 

1.  Average  amount  of  grain  consumed  per  day,  per 
lamb,  during  the  experiment  proper 1.9& 

2.  Average  amount  of  hay  consumed  per  day,  per 

lamb 4& 

3.  Average  amount  of  hay  and  grain  consumed  per 

day,  per  lamb 2.43- 

Cost  of  Increase, — 

1.  Average  cost  of  making  100  pounds  of  increase 
during  the  experiment  proper 3.94 

2.  Cost  of  making  100  pounds  of  increase  with  the 
lambs  in  lot  3 3.6* 

Profits,-- 

1.  Average  value  of  each  lamb  put  into  the  experi- 
ment when  bought  inMontana 1.6? 

2.  Average  value  of  each  lamb  at  the  beginning  of  

the  preparatory  experiment,  Nov.  10, 1896 1.9S 

3.  Average  value  of  each  lamb  at  the  beginning  of 

the  experiment  proper .1.97" 

4.  Average  value  of  each  lamb  at  the  close  of  the 
experiment  proper,  shrunk  weight 3.61 

5.  Average  increase  in  value  from  77  days'  feeding..      1.64"  • 

6.  Average  profit  per  lamb  during  the  experiment 
proper,  shrunk  weights  not  considered 1.01 

7.  Average  profit  per  lamb  on  the  basis  of  shrunk 
weights 8& 
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CONCLUSIONS. 

The  following  are  chief  among  the  conclusions  to  be 
drawn  from  the  experiment : 

1.  That  the  various  grain  food  factors  used  in  the  ex- 
periment are  well  adapted  for  feeding  lambs,  though  not 
equally  so. 

2.  That  of  all  the  grain  factors  used,  a  mixture  of  bran^ 
oil-cake,  barley  and  oats,  fed  in  the  proportions  of  1,  2,  S 
and  4  parts  respectively,  make  a  particularly  excellent 
ration  for  lambs. 

3.  That  oats  and  oil-cake,  when  fed  as  in  this  experi* 
ment,  produce  good  gains  relatively,  but  when  so  fed  a  due 
regard  must  be  had  to  their  cost. 

4.  That  when  lambs  are  readv  for  the  market  it  is  well 
to  market  them  promptly. 

5.  That  range  lambs  are  well  adapted  to  the  purposes 
of  the  Minnesota  feeder. 

6.  That  under  the  conditions  of  the  experiment,  lambs 
bought  upon  the  ranges  can  be  more  than  doubled  in  value- 
when  fed  for  a  reasonable  period. 
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SECTION  NO.   3. 


THOS.  SHAW. 

This  experiment  was  conducted  on  lines  very  similar  to 
±hose  which  characterized  the  experiment  of  the  previous 
winter.  The  chief  points  of  difference  relate  to  some  changes 
in  the  foods  fed,  which  will  be  duly  noted  below.  The  great 
rise  in  values  which  characterized  all  grades  of  sheep  during 
the  year  1897  more  than  justified  the  attention  given  to 
this  branch  of  the  live  stock  industry  at  the  station. 

Time  Covered  by  the  Experiment, — The  preparatory  ex- 
periment began  Nov.  1st,  1897.  The  experiment  proper 
Jbegan  7  days  later,  that  is  to  say,  on  Nov.  8th,  and  ended 
-on  Feb.  28th,  1898,  thus  covering  a  period  of  16  weeks,  or 
112  davs.  But  the  lambs  were  continued  on  full  feed  until 
March  12th,  the  date  of  delivery  for  slaughter.  The  whole 
^feeding  period,  therefore,  covered  a  period  of  131%  days. 

Objects  Sought  in  the  Experiment.— Among  the  primary 
Objects  of  the  experiment  were  the  following:  1.  To  ascer- 
tain the  suitability  of  range  lambs  for  being  fed  under  what 
may  be  termed  ordinary  farm  conditions.  2.  To  ascertain 
the  relative  adaptation  in  feeding  lambs  on  certain  combina- 
tions of  grain  foods  such  as  are  easily  accessible  to  the 
iarmer;  and,  3,  to  ascertain  the  profit,  if  any,  from  feeding 
range  lambs  under  what  maybe  termed  ordinary  Minnesota 
conditions. 

The  secondary  objects  sought  to  learn:  1.  The  relative 
resulting  increase  in  weight  from  feeding  the  foods  used  in 
the  experiment;  2.  The  relative  cost  of  one  pound  of  in- 
crease in  weight  received;  and,  3,  the  probable  duration  of 
-the  period  during  which  lambs  may  be  fed  profitably  on 
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such  foods.  In  brief,  the  experiment  sought  to  confirm  the 
results  obtained  the  preceding  winter  from  feeding  range 
lambs. 

The  Animals  Usbd. — One  hundred  and  twenty  lambs* 
were  fed.  They  were  purchased  by  the  Hon.  W,  M.  Liggett, 
the  Director  of  the  station,  and  the  writer,  from  Wm.  B. 
Shaw,  manager  of  Prospect  Ranch,  Culbertson,  Montana^ 
In  all  300  lambs  and  25  wethers  were  bought.  They  were- 
all  brought  over  the  Great  Northern  Railroad  in  a  double- 
deck  car  to  the  Minnesota  Transfer,  and  at  the  ordinary 
rates  for  freight.  They  reached  the  station  on  October 
20th,  and  were  kept  on  blue  grass  pasture,  plentiftil  but  dry 
in  character,  until  the  preparatory  experiment  began,  10 
days  later.  They  were  grade  lambs,  and  were  evidently 
possessed  of  various  blood  elements.  Prominent  among 
these  were  the  indications  of  Merino  and  Oxford  Down 
blood.  The  former  of  these  was  evidently  the  dominant 
foundation  element,  though  but  few  traces  of  wrinkles  were 


Fig.  201.— The  Lamb*  jn  Lot  1  when  nearly  flnhibed. 
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visible  in  the  lambs.  The  sires  were  unregistered  Oxford 
Down  rams,  but  evidently  pure  in  breeding.  The  dark  face 
and  legs  had  been  engrafted  on  nearly  all  of  the  lambs. 

In  choosing  the  lambs  for  the  experiment,  uniformity  in 
.size  and  shape  was  sought  rather  than  size  alone.  While 
'the  average  weight  of  the  whole  lot  when  they  reached  the 
•farm  was  55%  pounds,  those  put  into  the  experiment  aver- 
aged 60.4  pounds  at  its  commencement,  10  days  later.  As 
-from  want  of  shed  room  all  the  lambs  could  not  be  accom- 
*modated  at  the  farm,  100  of  them  were  sold  to  Joseph  Car- 
•roU,  of  Rosemount,  in  our  state.  The  price  paid  was  $2.10 
rper  head,  and  the  average  weight  was  about  59  pounds. 
Mr.  Carroll  fed  these  lambs  at  his  farm,  and  made  a  nice 
profit  on  them.  The  balance  of  the  lambs  purchased  were  fed, 
nearly  all  of  them,  under  experiment.  The  particulars  of 
ithis  experiment  will  be  given  in  a  subsequent  bulletin. 

The  wethers,  or  at  least  20  of  them,  were  fed  under  con- 
•ditions  similar  to  those  which  were  observed  in  feeding  the 
lambs  in  lot  1,  as  described  below.  The  particulars  which 
relate  to  the  feeding  of  these  wethers,  and  the  actual  and 
-comparative  outcome  of  the  same,  will  be  given  in  a  subse- 
quent bulletin. 

Conditions  Governing  the  Experiment, — The  lambs  were 

divided  into  four  lots,  with  30  in  each  lot.    That  they  were 

very  evenly  divided  will  be  apparent  from  the  respective 

weights  of  each  lot  given  below.    The  lambs  in  each  lot 

occupied  separate  apartments  in  the  shed.    These  were  side 

by  side,  and  on  the  north  side  of  the  building,  which  was 

probably  somewhat   against  the  experiment.    Each  com- 

.partment  was  in  size,   18x20  feet,  and   each   opened  by 

•means  of  a  double-hinged  door  into  an  open  yard  of  similar 

•  dimensions.    They  had  access  at  will  to  the  yards,  except  in 

stormy  and  windy  weather.    The  sheds  and  yards  were 

kept  nicely  bedded.    The  lambs  were  all  wethers,  hence  the 

-conditions  of  the  experiment  were  very  even. 

Bach  Iamb  was  weighed  singly  at  the  commencement  of 
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"the  preparatory  experiment,  at  the  beginning  of  the  experi- 
tnent  proper^  and  every  14  days  subsequently  until  sent  to 
i:he  block.  They  had  access  to  water  virtually  at  will, 
which  was  given  to  them  in  pails.  Common  salt  was  also 
kept  accessible  to  them  at  all  times. 

Food  and  Feeding, — The  grain  portion  fed  to  the  lambs 
in  the  respective  lots  was  as  follows :  In  lot  1  they  were 
given  oil  cake,  wheat  bran  and  oats,  in  the  proportions  of 
1,  2,  3  and  4  parts  respectively,  by  weight.  In  lot  2,  oil 
^ake,  bran,  barley  and  oats,  in  similar  proportions.  In  lot 
3  they  were  given  bran,  oats  and  barley  in  the  proportions 
of  3,  3  and  4  parts ;  and  in  lot  4,  oil  cake,  bran  and  oats, 
in  the  proportions  of  1,  2  and  7  parts.  The  fodder  given 
was  mixed  hay,  clover  predominating  in  the  mixture,  and 
sorghum  ensilage.  The  ensilage  was  made  from  sorghum 
grown  thickly  and  cut  when  approaching  the  mature  stage. 
The  sorghum  was  not  fed  until  December  28th,  and  it  was 
continued  until  the  lambs  were  sold. 

As  the  fodder  fed  to  each  lot  was  the  same  in  kind,  the 
•experiment  sought  to  ascertain  the  respective  values  of  com 
with  oil  cake,  barley  with  and  without  oil  cake,  and  oats 
with  the  same,  for  fattening  lambs.  The  grain  was  fed  un- 
bound, and  the  oil  cake  was  given  in  the  "pea"  form. 
The  lambs  were  led  up  gradually  to  a  full  ration,  and  were 
virtually  given  all  of  each  kind  of  food  that  they  would  eat 
with  a  relish.  The  hay  was  fed  uncut.  The  grain  and  hay 
were  fed  in  two  feeds,  morning  and  evening,  and  the  ensilage 
was  given  in  the  evening  only. 

Estimated  Value  of  the  Foocf.— The  food  was  charged  at 
the  average  market  values  in  the  state,  when  delivered  at 
the  place  of  sale.  Though  these  values  were  based  on  care- 
ftd  estimates,  they  are  to  be  regarded  only  as  close  approxi- 
mations. They  fixed  the  prices  of  the  respective  kinds  of 
ibod  used  as  follows : 
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Oil  Cake,  per  ton $22.00 

Wheat  Bran,  per  ton 7.50 

Corn,  per  bushel  of  56  pounds .22 

Barley,  per  bushel  of  48  pounds .20 

Oats,  per  bushel  of  32  pounds .17 

Mixed  Hay,  Clover  and' Timothy,  per  ton 4.00 

Sorghum  Ensilage,  per  ton 1.20 

With  some  of  the  food  products  these  values  were  less 
than  the  prices  actually  paid  at  the  station.  Corn,  for 
instance,  which  was  charged  at  22  cents  per  bushel,  actually 
cost  the  station  25%  cents.  In  other  instances  the  price 
charged  was  in  excess  of  the  price  paid.  Bran,  which  waa 
charged  at  $7.50  per  ton,  actually  cost  the  station  but 
$4.50  per  ton.  It  had  been  bought  some  time  previously, 
but  the  necessity  for  using  average  prices  for  the  state  will 
be  apparent. 

Food  Consumed. — Table  LXVIII.  gives  the  respective 
amounts  of  grain,  hay  and  sorghum  ensilage  consumed  by 
the  lambs  during  the  112  days  of  the  experiment  proper. 

TABLB  LX  V lU.— Food  Oonsomed  Daring  the  Experiment. 


Lot  1 

Lot   2 

Lot   3 

Lot  4 

Grftin 

Lbs. 

6.330 

2,771 

Lbs. 

6.256 

2.773 

Lb^. 
6.005 
2,786 
1,034 

Lbs. 
6.262 

Hav 

2,656 

Bnsilagc 

1,024                   1.026 

6,262 

Totals 

10,126 

10.0G6 

9,774 

9,933 

The  lambs  in  lot  3  consumed  considerably  less  grain 
than  those  in  the  other  lots,  and  it  will  be  noticed  that  the 
gains  were  correspondingly  low.  When  barley  is  an  import- 
ant factor  in  the  grain  fed,  it  would  seem  to  be  decidedly 
advantageous  to  feed  more  or  less  oil  cake  along  with  it. 
This  conclusion  is  based  upon  the  behavior  of  the  lambs  i» 
lots  2  and  3,  the  latter  of  whom  did  not  receive  any  oil 
cake  until  near  the  close  of  the  experiment.  A  small  amount 
of  oil  cake  added  to  the  mixture  would  seem  to  have  a  stim- 
ulating  eflFect  on  the  appetite. 
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Throughout  the  experiment  proper  each  lamb  consumed 
daily  on  an  average  the  following  amounts  of  the  respective 
kinds  of  food : 

PotindB. 

Grain 1.85 

Hay 81 

Ensilage 45 

Total ^ 3.11 

Incidents  of  the  Experiment, — On  the  night  of  January 
25th,  or  78  days  after  the  commencement  of  this  experiment^ 
one  of  the  best  lambs  in  lot  2  got  "cast,"  that  is  to  say,  it 
rolled  on  its  back,  and  being  unable  to  recover  its  natural 
position,  it  died.  This  circumstance  to  some  extent  proves 
a  disturbing  factor  in  nearly  all  the  computations  which 
relate  to  the  experiment.  Apart  from  this,  the  experiment 
was  remarkably  free  from  unusual  accidents  of  any  kind. 
The  health  of  the  lambs  was  good  throughout,  and  the 
gains  were  also  fairly  uniform.  One  hundred  and  five  days 
after  the  beginning  of  the  experiment  proper,  about  10  per 
cent,  of  oil  cake  was  added  to  the  grain  portion  given  to  the 
lambs  in  lot  3,  and  7  days  later  this  proportion  was  fur- 
ther increased.  But  during  the  succeeding  interval  of  26 
days  which  elapsed  before  the  lambs  were  sent  to  the  block, 
the  only  perceptible  influence  of  the  oil  cake  was  an  improve- 
ment in  the  appetite.  Near  the  middle  of  the  experiment, 
the  oil  cake  given  to  the  lambs  in  lot  4  was  increased  from 
one  to  two  tenths  of  the  grain  fed,  and  the  bran  was  corre- 
spondingly decreased.  This  change  was  designed  from  the 
first,  but  the  only  perceptible  result  that  followed  was  some 
little  improvement  in  the  appetite  of  the  lambs. 

Valve  of  Food  Consumed, — Table  LXIX.  gives  the  re- 
spective values  of  the  food  consumed  during  the  preparatory 
experiment,  the  experiment  proper,  and  the  period  interven- 
ing  between  the  close  of  the  experiment  and  the  sale  of  the 
lambs,  and  also  the  total  cost  of  the  food  consumed. 
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TABIiB  TiXTX.— Value*  of  Food  OonentnecL 


XrOt   1 

Lot  2 

Ix>t  8 

Lot  4 

Totala 


Preparatory 
Bxpcriment. 


$1.66 
1.68 
1.48 
1.68 


$6.S0 


Bxperiiuent 
Proper. 


$38.77 
38.85 
32.93 
43.13 


S163.68 


SnbseqventlT 
to  the  Bxpen- 
raent  Proper. 


$3.69 
3.63 
3.32 
4.22 


$14.86 


Total 
Cost. 


$44.12 
44.16 
37.73 
49.03 


$176.04 


It  will  be  noticed  that  during  the  experiment  proper  and 
subsequently,  the  cost  of  the  food  consumed  by  the  lambs  in 
lot  i  was  considerably  in  excess  of  the  cost  of  food  for  the 
lambs  in  any  of  the  other  lots.  This  was  owing  to  the 
dearer  prices,  relatively,  of  the  oats  which  made  up  so  large 
B,  portion  of  the  grain  fed,  and  also  to  the  dear  price  of 
the  oil  cake  which  was  fed  most  freely  to  the  lambs  in  this 
iot.  The  gains  secured  were  somewhat  ahead  of  those  made 
by  the  lambs  in  any  of  the  other  lots,  as  is  shown  below. 
But  the  greater  relative  cost  of  the  food  fed  far  more  than 
counterbalanced  the  greater  increase  made  in  weight,  hence, 
^considerably  less  profit  was  made  on  the  lambs  in  this 
lot. 

The  cost  of  food  was  considerably  less  for  the  lambs  in 
lot  3  than  for  any  of  the  other  lots,  and  yet,  as  shown  below, 
the  least  profit  was  made  from  them.  This  arose  from  the 
smaller  amount,  relatively,  of  the  grain  food  consumed,  and 
from  its  failure  to  produce  sufficient  gains.  This  fact  would 
seem  to  emphasize  the  close  relation  between  a  free  con- 
•sumption  of  food  during  the  fattening  period  and  good 
gains.  The  only  reasonable  explanation  that  can  be  given 
for  the  low  consumption  of  food  by  these  lambs  as  com- 
pared with  the  lambs  in  lot  2  is  the  absence  of  oil  cake  in 
their  ration.  In  other  respects  the  foods  fed  were  similar, 
except  that  more  bran  was  fed  to  the  lambs  in  lot  3.  More 
bran  in  the  ration,  therefore,  would  not  seem  to  atone  for 
the  entire  absence  of  oil  cake. 


PROFITS  OF  THE  EXPERIMENT. 


457 


ProSts  Made  Daring  the  Experiment  Proper, — Table 
LXX  gives:  1.  The  value  of  the  lambs  in  each  lot  at  the 
^commencetncntof  the  experiment  proper;  2.  The  cost  of  food 
fed  during  the  same;  3.  The  total  cost  of  the  lambs  up  to 
the  close  oi  the  experiment  proper;  4.  The  value  of  the 
lambs  at  the  close  of  the  experiment;  and  5,  the  profit 
made  on  the  lambs  in  each  lot  during  the  experiment. 

TABLE  I«XX.~Proflt  Kade  During  thA  Expariment  Prop«r. 


Value  on  Not.  8th,  1897.... 
Cost  of  food .*..... 

Total  cost 

Valae  oo  Feb.  28th,  1898... 

Profit 


Lotl 

Lota 

Lots 

Lot  4 

$64.64 
38.77 

$68.79 
38.86 

$64.90 
32.98 

$63.67 
48.18 

$103.41 
159  61 

$102.64 
163.45 

$97.88 
149  38 

$106.80 
158  66 

$56.20 

$50  81 

$51.55 

$51.76 

Totals 


$257.00 
153  68 

$410.68 
621.00 

$210.82 


In  the  above  table  the  value  put  upon  the  lambs  at  the 
beginning  of  the  experiment  was  their  actual  cost.  And 
this  would  be  very  nearly  the  proper  market  value  for 
-such  lambs  at  the  time  that  these  were  bought.  It  was 
rather  under,  perhaps,  than  over  average  market  values. 
At  the  close  of  the  experiment  they  were  valued  at  5%  cents 
per  pound,  live  weight,  the  price  paid  for  them  12  days 
later.  No  allowance  is  made  for  shrinkage.  Had  such  al- 
lowance been  made,  it  would  reduce  the  total  profit  during 
the  experiment  proper  from  $210.32  to  $179.25.  The  less 
profit  made  on  the  lambs  in  lot  2  was  owing  to  the  loss  of 
one  lamb  in  that  group,  as  previously  stated.  Taking  that 
lamb  at  its  full  weight,  93  pounds,  when  it  died,  on  Jan. 
25th,  and  adding  7  pounds  as  the  probable  gain  that  it 
would  have  made  before  the  close  of  the  experiment,  and 
then  adding  its  value  if  alive  to  $50.80  the  actual  profit  on 
the  lambs  in  lot  2,  the  result,  $56.58,  would  represent  the 
highest  profit  made  by  the  lambs  of  .any  one  lot.  This 
would  indicate  that  barley,  when  not  too  dear,  can  be 
turned  to  excellent  account  in  feeding  lambs  for  the  block. 
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Weights  of  the  Lambs. — At  the  commencement  of  the 
experiment,  each  lamb  was  given  an  ear  label,  and  was  then 
weighed  singly.  As  these  labels  were  duly  recorded,  and 
also  the  individual  weights  at  each  successive  period  of 
weighing,  it  was  easily  possible  to  compare  the  gains  made. 
While  there  was  much  difference  in  the  increase  in  weight  of 
individuals,  there  were  only  one  or  two  instances  of  decided 
ill-doing.  The  highest  individual  increase  in  weight  made 
was  48  pounds,  and  the  lowest  was  17  pounds. 

Table  LXXI.  gives  the  aggregate  weights  of  the  lambs 
in  each  lot  at  the  commencement  of  the  preparatory  experi- 
ment, at  the  beginning  of  the  experiment  proper,  and  at  the 
date  of  shipment,  with  the  totals  in  each  instance. 

TABUI  LXXI.— Ag>ffreffate  Weiffhts  of  the  Iiamba. 


Weights  on  Not.  lit,  189 7.. 

Weight!  on  Not-.  8th 

Weights  on  Feb.  28th.  1898 
Weights  on  March  12th 


Lotl 


Lbs. 
1,824 
1,848 
2.902 
2,986 


Lot  2 


Lbs. 
1,795 
1,886 
2,790 
2,866 


Lots 


Lbs. 
1,837 
1,843 
2,716 
2,760 


Lot  4 


Lbs. 
1.796 
1.818 
2,883 
2,970 


Totals 


Lbs. 

7,251 

7,339 

11,291 

11.660 


The  increase  in  weight  made  by  the  lambs  during  the 
131%  days  in  which  they  were  being  fed,  was  nearlj^  60  per 
cent,  of  the  weight  when  the  feeding  period  began.  The 
weights  of  the  lambs  in  lots  1,  2  and  4  would  have  been 
nearly  even  at  the  close  of  the  experiment  proper,  but  for  the 
loss  of  the  one  lamb.  Including  its  weight  and  probable 
gain,  the  aggregate  weight  of  the  lambs  in  lot  2  would 
have  been  2,895  pounds. 

Table  LXXII.  gives  the  average  weight  of  the  lambs  in 
each  lot  when  the  preparatory  experiment  began,  when  the 
experiment  proper  began  and  closed,  the  average  total  in- 
crease in  weight  made  by  the  lambs  in  each  lot,  and  the  ag- 
gregate total  increase. 


AVERAGE  WEIGHTS  AND  GAINS. 
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TABLE  TiXXTT.  —Average  Weighte  and  Average  Gains. 


On  Not 
Ist,  1897. 

On 
Nov.  8th. 

On  Feb. 
28tli,  1898. 

Average 

Increase. 

Ajcgregate 
Increase. 

Lot  1 

Lot  2 

Lot  3 

Lot  4....  .. 

Lbs. 
60.8 
59.8 
61.2 
69.8 

Lbs. 
61.6 
61.2 
61.4 
60.4 

Lbs. 
96.7 
93.0 
906 
96.1 

Lbs. 
36.1 
31.8 
29.1 
35.7 

Lbs. 

1,064 
966 
878 

1,070 

The  greatest  aggregate  gains  were  made  by  the  lambs 
in  lot  4.  Next  comes  lot  2  with  the  dead  lamb  accounted 
for.  He  weighed  98  pounds  when  he  died,  and  would  doubt- 
less have  gained  7  pounds  more  prior  to  the  close  of  the 
experiment.  Adding  the  105  pounds  thus  obtained  to 
^55  pounds,  the  aggregate  gains  made  by  the  lambs  in  lot 
2  would  bring  it  up  to  1,060  pounds.  The  third  place  is 
assigned  to  the  lambs  in  lot  1.  The  gains  thus  made  are 
remarkably  uniform,  except  with  the  lambs  in  lot  3. 

The  average  increase  in  weight  made  by  the  lambs  in 
each  lot  in  30  days,  that  is  to  say^,  per  month,  is  as  follows : 

Pounds. 

Lot  1 9.4 

Lot  2 8.5 

Lot  3 7.8 

Lot  4. 9.6 


If  the  dead  lamb  is  taken  into  the  account  the  gains  per 
month  made  by  the  lambs  in  lot  2  would  be  changed  from 
>8.5  to  9.5  pounds.  On  this  basis  the  average  increase  per 
month  made  by  each  lamb  under  experiment  would  be  9.07 
pounds,  and  for  the  entire  period  of  feeding,  8.3  pounds. 
These  are  not  extraordinary  gains,  but  in  the  absence  of 
field  roots  in  the  ration,  they  are  good  average  gains  for  so 
long  a  period  of  feeding. 

It  may  also  be  noted  here,  that  while,  during  the.  first 
half  of  the  experiment,  the  lambs  made  an  aggregate  in- 
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crease  in  weight  of  2,433  pounds,  during  the  last  half  of  the- 
same,  the  increase  made  was  but  1,724  pounds.  The  increase 
in  the  former  period,  therefore,  exceeded  the  increase  in  the 
latter  by  709  pounds.  This  fact  would  emphasize  the  im- 
portance of  not  feeding  lambs  for  too  long  a  period. 

Increase  in  Va/ae.— Table  LXXIII.  gives  the  cost  of  the 
food  fed  to  the  lambs  of  each  lot  during  the  experiment 
proper,  the  value  of  the  increase  in  weight,  and  the  profit- 
on  said  increase. 

TABIiE  LXZm.— Increase  in  Valae  During  Bzperlment  Proper. 


Lot  1 
Lot  2 
Lot  8 
Lot  4 


Value  of 
Food  Fed. 


$38.77 
38.86 
32.98 
43.13 


Value  of 

Increase  in 

Wel£ht. 


$B7.97 
68  80 
48.01 
68.86 


Profit 

on  Increased 

Weight. 


$19.20 
19.46 
16.08 
15.72 


The  dead  lamb  is  included  in  this  computation.  The 
figures  in  the  third  column  should  certainly  tend  to  encour- 
age  western  feeders.  It  would  be  well-nigh  if  not  quite  im- 
possible  for  eastern  feeders  to  get  results  so  satisfactory, 
owing  to  the  higher  relative  value  of  the  food  stuffs  with 
them. 

Accounting  for  the  dead  lamb  as  above,  the  cost  of  mak- 
ing 100  pounds  of  increase  with  the  lambs  of  each  group 
during  the  experiment  proper  was  as  follows: 

Lotl $3.6& 

Lot  2 3.67 

Lots 3.77" 

Lot  4 4.03 

Average  Cost $3.78 

The  greater  relative  cost  of  the  increase  made  by  the 
lambs  in  lot  4  emphasizes  the  importance  of  using  cheap 
foods,  since  the  lambs  in  lot  4  made  the  largest  increase  in 
weight. 


FINANCIAL  SUMMARY.  4S% 

Finnncial  Statement.— A  summary  of  the  facts  relating: 
to  the  financial  side  of  the  whole  transaction  is  now 
submitted: 

Cash   return   for   119   lambs  delivered  to 

Peter  Van    Hoven,  at  New   Brighton, 

Minnesota,  on  March  12th,  1898 $604.01 

Cost  of  120  lambs  in  Montana $217.53 

Cost  of  freight 30.57 

Cost  of  pasture 2.4?0 

Cost  of  food  in  the  preparatory  experiment  6.50 

Cost  of  food  during  the  experiment  proper..  153.68 

Cost  of  food  subsequently 14.86 

Total  outlay $425.54^ 


Profit  on  120  lambs 178.47 

Profit  on  each  lamb 1.49^ 

Observations. — 1.  It  will  be  noticed  that  in  the  above 
computation,  the  lamb  that  died  is  charged  against  the 
experiment,  and  also  the  food  eaten  by  him,  nor  is  the  50^ 
cents  included  that  was  received  for  his  pelt. 

2.  The  manure  made  is  supposed  to  offset  the  value  of 
the  bedding,  the  cost  of  the  labor,  and  the  interest  on  the  in- 
vestment. Whether  such  a  value  jjut  upon  the  manure  is 
too  dear  must  be  determined  by  each  farmer  for  himself. 

3.  It  should  also  be  borne  in  mind  that  the  food  fed 
was  charged  at  market  values.  The  market  value  of  food  is 
usually  in  excess  of  the  home  value  of  the  same,  that  is  to- 
say,  in  excess  of  the  cost  of  production.  Charging  it  thus^ 
therefore,  is  unfavorable  to  the  experiment. 
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IMPORTANT    FACTS   SUMMARIZED. 


Values — 


1.  Price  paid  per  hundred  for  the  lambs  in  Mon- 
tana        $3.00 

2.  Value  per  hundred  on  the  basis  of  cost,  when 
the  preparatory  experiment  began,  Nov.  1st, 

1897 3.45 

3.  Value  per  hundred  when  the  experiment  proper 
began,  Nov.  8th 3.41 

4.  Value  per  hundred  when  the  lambs  were  de- 
livered at  New  Brighton,  March  12th,  1898 5.50 

5.  Difference  per  hundred  between  cost  price  and 
selling  price 2.05 


Freight  I 

1.  Cost  of  freight  on  each  of  the  299  lambs  which 

were  brought  to  the  station 23.3 

2.  Cost  of  freight  on  each  lamb  in  the  experiment, 
computed  on  the  basis  of  weights 25.5 

3.  Cost  of  freight  on  each  wether  of  the  shipment, 
computed  on  the  basis  of  weights 50.0 

4.  Cost  of  freight  on  the  double-deck  car  from 
Culbertson  to  St.  Paul,  702  miles,  with  a  cargo 

of  25  wethers  and  299  lambs 82.10 

Weights — 

1.  Average  weight  of  299  lambs,  bought  in  Mon-  ^b*. 
tana,  on  reaching  the  station 55.5 

2.  Average  weight  of  120  lambs  used  in  the  ex- 
periment on  reaching  the  station  and  when  the 
experiment  began,  Nov.  1st,  1897 60.4 

3.  Average  weight  at  the  close  of  the  experiment 
proper,  without  shrink,  Feb.  38,  1898 97.1 

-4.    Average  weight  when  sent  to  the  block,  March 

12th,  with  a  shrink  of  5  percent 92.3 
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Inciease  in  Weight — 

1.  Average  increase  in  the  weight  of  each  lamb  Lbs. 
during  the  experiment  proper 36.7 

2.  Average  increase  per  month  during  the  experi- 
ment proper 9.07 

3.  Average  increase  per  month  during  the  entire 
feeding  period 8.30 

Food  Consumed— 

1.  Average  amount  of  food  consumed  per  day  by 

each  lamb  during  the  experiment  proper 3.11 

2.  Average  amount  of  grain  consumed  per  day  by 

each  lamb  during  the  experiment  proper 1.85 

3.  Average  amount  of  fodder  consumed  per  day  by 

each  lamb  during  the  experiment  proper 1.26 

Cost  of  Increase — 

1.  Average  cost  of  making  100  pounds  of  increase 

in  weight  during  the  experiment  proper $3.78 

2.  Average  cost  of  making  100  pounds  of  increase 
during  the  whole  period  of  feeding 3.97 

ProBts— 

1.  Average  value  of  each  lamb  (120),  at  the  be- 
ginning of  the  experiment,  Nov.  1st,  1897 2.08 

Average  value  of  each  lamb  at  the  close  of  the 
experiment  proper,  Feb.  28th,  1898,  without 
shrink 5.22 

2.  Average  value  of  each  lamb  (119)  at  the  close 
of  the  experiment,  March  12th,  1898,  with 
shrink 5.08 

3.  Average  advance  in  value  over  the  cost  made 

by  each  lamb  during  the  entire  feeding  period....         3.00 

4.  The  total  net  profit  from  feeding  120  lambs  for 

131^2  days 178.47 

5 .  The  total  net  profit  from  feeding  one  lamb 1 .49 

Per  ct. 

6.  The  per  cent,  of  profit  on  all  money  invested .42 
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CONCLUSIONS. 

The  following  are  chief  among  the  conclusions  that  may 
legitimately  be  drawn  from  the  experiment : 

1.  That  com,  barley  and  oats  are  about  equally  valu- 
able in  producing  an  increase  in  weight  in  lambs  that  are 
being  fattened,  when  fed  with  suitable  adjuncts. 

2.  That  barley,  not  much  used  in  fattening  lambs  in  the 
Northwest,  compares  favorably  with  com  in  feeding  value 
when  fed  with  suitable  adjuncts. 

3.  That  in  fattening  lambs,  barley,  without  a  small 
supplement  of  oil  cake,  is  inferior  to  barley  or  to  com  with 
a  supplement  of  the  same. 

4.  That  the  light  gains  made,  relatively,  by  the  lambs 
in  lot  3,  to  which  oil  cake  was  not  fed,  and  the  correspond- 
ingly low  profit,  would  seem  to  indicate  the  wisdom  of  feed- 
ing a  small  quantity  of  oil  cake  with  barley,  even  when  the 
price  is  relatively  dear. 

5.  That  the  less  net  profit  firom  the  lambs  in  lot  4,  not- 
withstanding that  they  stood  first  in  the  gains  made,  em- 
phasizes the  importance  of  weighing  carefiiUy  the  relative 
value  of  food,  when  choosing  them  for  feeding  uses. 

6.  That  since,  in  the  experiment  proper,  the  average 
increase  in  the  weight  of  each  lamb  per  month  was  9.07 
pounds,  good  gains  may  be  secured  from  range  lambs  when 
fattening  them,  in  the  absence  of  field  roots. 

7.  That  when,  as  in  this  experiment,  100  pounds  of  in- 
crease can  be  made  for  $3.78,  and  sold  for  $5.60,  the  farmers 
who  feed  lambs  should  make  a  much  greater  profit  on  the 
iood  so  fed,  as  compared  with  selling  it  in  the  market. 

8.  That  since  in  this  experiment  an  added  value  of  $3.00 
was  put  upon  range  lambs  which  cost  $2.08,  by  feeding 
them  131V^  days,  and  at  an  outlay  for  food  of  $1.46,  the 
question  of  fattening  lambs  is  surely  worthy  of  the  careful 
consideration  of  the  farmers  of  the  Northwest. 
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AVERAGES    PROM   THREE   EXPERIMENTS. 

The  following  statements  contain  averages  gleaned  from 
the  three  experiments  of  the  bulletin. 

Period  of  Feeding— 

Days. 

1.  Average  time  covered  by  the  preparatory  feeding.  7 

2.  Average  time  covered  by  the  experiment  proper..  91 

3.  Average  duration  of  the  feeding  period 98 

Values— 

1.  Average  value  of  the  lambs  per  100  pounds  on 

the  basis  of  cost  when  the  feeding  began $3.45 

2.  Average  value  per  100  pounds,  shrunk  weight, 
when  the  lambs  were  sold 4.88 

3.  Difference  per  100  pounds  between  the  cost  price 

and  the  selling  price 1.43 

Increase  in  Value — 

1.  Average  value  of  each  lamb  when  the  feeding 
period  began 2.65 

2.  Average  value  of  each  lamb  at  the  close  of  the 
feeding  period,  without  shrink 5.03 

3.  Average  value  of  each  lamb  at  the  close  of  the 
feeding  period,  with  shrink 4.87 

4.  Average  increase  in  value  of  each  lamb  during 

the  feeding  period 2.38 

Weights — 

1.  Average  weight  of  one  lamb  when  the  experi-        Lbg. 
ment  proper  began 72.2 

2.  Average  weight  of  one  lamb  when  the  experi- 
ment proper  closed,  that  is  to  say,  from  91  days' 
feeding 105.8 

Increase  in  Weight — 

1.  Average  increase  in  weight  of  one  lamb  from  91 
days'  feeding.. 33.6 

2.  Average  increase  in  weight  per  month  of  30  days,        9.4 
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3.  Highest  average  increase  in  weight  per  month  Lbt. 
from  all  the  lambs  in  a  single  experiment 12.0 

4.  Lowest  average  increase  per  month  from  all  the 
lambs  in  a  single  experiment 7.1 

Food  Consumed— 

1.  Average  of  grain  consumed  per  day  by  one  lamb.      2.07 

2.  Average  of  hay  consumed  per  d^y  by  one  lamb...        .84 

3.  Average  of  food  consumed  per  day  by  one  lamb..      2.92 

Cost  of  Increase — 

1.  Average  cost  of  making  100  pounds  of  increase 

in  weight  during  the  experiment  proper $3.59 

2.  The  lowest  cost  of  making  100  pounds  of  in- 
crease by  the  lambs  of  any  one  lot 2.92 

3.  Average  increase  in  value  per  100  pounds,  of  the 
added  weight,  over  the  cost  of  producing  it  dur- 
ing 91  days  of  feeding 1.29 

Profit— 

1.  Average  profit  on  one  lamb  during  the  experi- 
ment proper  (91  days),  shriink  weight  not  in- 
cluded        1.08 

2.  Average  profit  on  one  lamb  during  the  experi- 
ment proper  (91  days),  shrunk  weight  considered         .96 

3.  Average  net  profit  per  lamb  during  the  entire 
period  of  feeding 86 

CONCLUSIONS. 

The  following  are  some  of  the  more  important  of  the 

conclusions  that  may  be  drawn  from  the  three  experiments : 

« 

1.  That  both  range  lambs  and  home-grown  lambs  are 
well  adapted  for  feeding. 

2.  That  the  value  of  the  increase  made  from  feeding 
lambs  in  our  state  is  more  than  the  cost  of  the  food  used  in 
making  it. 
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3.  That  the  coarse  cereals  which  Minnesta  produces 
are  well  adapted  to  the  fattening  of  lambs  when  suitably 
blended. 

4.  That  when  lambs  are  being  fattened,  considerably 
superior  gains  will  be  obtained  when  the  grain  food  contains 
at  least  10  per  cent,  of  oil  cake. 

5.  That  oil  cake,  barley  and  oats,  suitably  blended, 
with  or  without  bran,  makes  an  excellent  grain  food  for 
fattening  lambs. 

6.  That  while  good  gains  may  be  secured  by  feeding 
oats  and  oil  cake,  suitably  blended,  the  deamess  of  the 
mixture  makes  it  too  costly  to  furnish  the  highest  profit. 

7.  That  excellent  gains  can  be  secured  when  fattening 
lambs  in  our  climate  in  the  absence' of  field  roots  or  ensilage. 

8.  That  under  the  conditions  which  have  prevailed  dur- 
ing the  past  three  years,  an  average  of  about  $1.00  per 
head  could  be  secured  from  feeding  lambs  judiciously  for 
about  lOO  days. 
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SECTION  NO.  1. 


THOMAS  SHAW. 

This  bulletin  contains  the  results  of  two  experiments  in 
feeding  steers  conducted  essentially  on  the  same  lines  and 
with  the  same  object  in  view,  but  with  some  slight  varia- 
tions in  the  foods  used.  The  chief  object  of  the  experiments 
was  to  glean  information  bearing  upon  the  amount  of 
grain,  approximately,  that  would  bring  the  greatest  value 
when  fed  along  with  such  fodder  as  corn,  ensilage  and  hay. 
The  chief  variations  consisted  in  some  modifications  in  the 
kinds  of  grain  used,  in  the  proportions  of  these,  and  in  the 
source  whence  the  steers  were  secured.  In  Section  No.  1, 
they  were  farm-grown  steers,  but  in  Section  No.  2,  they 
were  reared  on  the  range. 

On  coming  West,  the  attention  of  the  writer  was  early 
drawn  to  the  custom  which  seemed  to  prevail  everywhere  of 
feeding  what  seemed  to  be  extravagantly  large  amounts  of 
grain.  As  much  as  25  pounds  of  com  and  even  more  than 
that  quantity  was  usually  fed  per  day  to  one  steer  of  1,000 
pounds  weight  and  upwards,  when  followed  in  the  feed  lot 
by  one  pig.  Now,  suppose  the  pig  is  allowed  5  pounds  per 
day,  which  would  seem  to  be  a  fair  allowance,  there  is  still 
left  for  the  steer  20  pounds,  and  more  than  that  in  propor- 
tion as  the  grain  is  increased  beyond  25  pounds  per  day,  for 
the  steer  and  the  pig,  as  much  more  as  the  increase  exceeds 
the  amount  named.  This  to  the  writer  appeared  to  be  ex- 
travagant feeding,  and  to  the  degree  of  being  positively 
wasteful,  in  fact  a  style  of  feeding  that  could  not  be  sus- 
tained in  any  country  in  which  the  prices  of  coarse  grains 
have  become  relatively  dear.  True,  these  prices  have  usually 
been  cheap  in  this  western  land  of  bountiful  production. 
But  it  will  not  be  so  always,  nor  indeed  is  it  probable  that 
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the  era  of  prices  so  low  will  ever  come  to  us  any  more. 
These  prices  are  even  now  making  a  sharp  advance.  They 
may  fall  again.  Doubtless  they  will.  But  we  may  rest 
assured  that  the  normal  level  of  the  prices  for  coarse  foods 
will  gradually  go  upward.  This  has  been  the  experience  in 
all  the  past  in  newly  tilled  areas  as  their  tillage  grows  o  der. 
Viewed  from  such  a  stand  point,  the  principle  involved  in 
these  experiments  assumes  an  importance  that  cannot  well 
be  over-estimated.  If  the  assumptions  of  the  writer  should 
prove  to  be  correct,  first,  with  reference  to  the  extravagance 
of  western  feeding,  and  second,  with  reference  to  the  prob- 
able advance  in  the  prices  of  coarse  fodders,  it  would  mean 
that  sometime  in  the  not  distant  future,  our  methods  of 
feeding  will  have  to  be  so  modified  as  to  amount  to  what 
may  be  termed  a  revolution  in  the  same.  I  know  very  well 
that  the  sentiments  just  expressed  will  not  meet  with  the 
approval  of  many,  but  I  make  them  all  the  same,  under  the 
firm  conviction  that  the  future  will  justify  the  stand  taken. 

To  throw  some  light  on  the  economics  of  this  question 
these  experiments  have  been  engaged  in ;  with  that  object  in 
view  they  have  been  prosecuted  from  year  to  year.  And  with 
the  same  object  in  view,  with  the  concurrence  and  approval 
of  the  authorities  of  the  University,  they  will  still  be  con- 
tinued in  one  form  or  the  other  until  the  views  advanced 
shall  have  been  sustained  or  disproved,  as  the  case  may  be. 

Time  Covered  by  the  Experiment, — The  feeding  began 
January  6th,  and  ended  June  4th,  1896.  It  thus  covered  a 
period  of  150  days.  The  lateness  of  the  season  at  which 
the  feeding  began  arose  from  the  difficulty  of  securing  the 
steers.  It  was  sought  to  obtain  them  in  the  state.  Although 
one  of  the  three  lots  was  purchased  as  early  as  September 
1st,  1895,  the  animals  in  the  third  lot  were  not  secured 
until  the  opening  of  the  following  year.  In  this  we  have  an 
evidence  of  the  relative  limited  production  of  good  feeding- 
animals  in  the  state.  The  difficulty  of  the  effi>rt  was  further 
enhanced  by  the  high  prices  which  had  been  paid  for  finished 
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animals  the  previous  spring,  and  which  had  the  effect  of 
causing  holders  to  rate  their  store  animals  at  a  price  that 
could  not  be  paid  for  them  for  successful  feeding. 

The  Objects  Sought  in  the  Experiment. — Chief  among 
the  objects  sought  in  the  experiment  were  the  following:  1, 
to  ascertain  the  relative  maximum  increase  from  feeding 
light,  moderate  or  heavier  quantities  of  grain  to  steers  that 
are  being  fattened  during  a  somewhat  prolonged  term  of 
feeding;  2,  to  ascertain  the  relative  financial  outcome 
from  such  feeding;  and,  3,  to  ascertain  the  relative  merit  in 
steers  of  different  grades  for  being  thus  fed.  The  secondary 
objects  sought  to  learn:  1,  the  relative  daily  gains  made; 
2,  the  relative  amounts  of  food  consumed  in  making  them ; 
and,  3,  the  relative  cost  of  producing  these  gains. 

The  Animals  Used. — The  aim  was  to  secure  three  lots  of 
animals,  with  three  in  each,  that  would  be  fairly  representa- 
tive of  good  grades  of  the  Shorthorn,  Hereford  and  Aber- 
deen Poll  breeds.  They  were  to  be  two  years  old,  of 
common  cows  of  mixed  breeding,  but  having  a  bearing  to 
beef  in  their  tendencies,  and  from  a  pure  bred  sire.  All  these 
objects  were  at  length  measurably  realized,  although  it  was 
not  possible  to  get  much  information  abo^t  the  dams. 

The  Aberdeen  Poll  grades  were  purchased  from  David 
M.  Fyffe,  manager  of  Wavertree  farm,  Dundee,  Minnesota. 
They  reached  the  farm  Sept.  8th,  1895,  and  were  kept  on 
blue  grass  pasture  until  early  in  November.  From  October 
3rd,  they  were  fed  hay  in  increasing  amounts  as  they  would 
take  it  until  the  experiment  began.  On  October  28th,  they 
were  housed  at  night,  and  beginning  with  November  3rd 
they  were  fed  4  pounds  per  head  per  day  of  grain,  and  with- 
out increase  until  January  6th,  when  the  experiment  began. 
The  grain  fed  consisted  of  bran  and  ground  corn  fed  in  the 
proportions  of  2  and  1  parts  by  weight.  The  aggregate 
weight  of  the  steers  when  they  reached  the  station  was  2,620 
pounds  and  the  average  weight  was  873.3  pounds.  They 
gained  in  the  interval  named415  pounds.  They  were  muleys 
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and  black  or  iron  gray  in  color.  The  average  price  paid  for 
,  them  at  Dundee  was  3%s  cts.  per  pound.  The  freight  was 
charged  at  18  cents  per  100  pounds  which  was  the  rate 
charged  for  carload  lots.  But  50  cents  per  animal  was 
allowed  for  pasture,  as  it  was  inferior,  and  during  much 
of  the  time  while  the  steers  were  on  pasture,  other  food 
was  fed  to  them.  Adding  $89.43,  the  cost  in  Dundee;  $4.72, 
the  e9timate  for  freight;  and  $7.59,  the  cost  of  food  and 
pasture,  gives  $101.74  as  the  cost  of  the  steers  on  January 
6th,  1896.  The  net  cost  therefore  was  $3.35  per  100  pounds. 
The  three  Shorthorn  grades  were  bought  at  the  South 
St.  Paul  stock  yards,  from  E.  M.  Prouty  &  Co.  They  had 
been  reared  in  North  Dakota  and  were  evidently  well  up  in 
Shorthorn  blood.  They  reached  the  Station  October  25th, 
and  were  managed  exactly  in  the  same  way  as  the  Gallo- 
ways described  above,  until  the  commencement  of  the  ex- 
periment on  January  6th.  The  aggregate  weight  on  ar- 
rival was  3,180  pounds,  and  the  average  weight  1,060 
pounds.  Subsequently  and  priof  to  the  beginning  of  the 
feeding  period  they  gained  245  pounds.  The  price  paid  at 
South  St.  Paul  was  $3.65  per  100  pounds.  Adding 
$116.07  the  cash  price  at  the  stock  yards,  $3.13  commis- 
sion, feed  and  yardage  charges,  and  $6.61  for  food  fed  prior 
to  the  experiment,  gives  the  sum  of  $125.81  as  the  cost  of 
the  steers  when  the  experiment  began.  The  cost  per  100 
pounds  therefore  was  $3.67. 

The  three  Hereford  grades  were  purchased  from  M. 
Tousley,  of  Le  Sueur,  Minn.  They  reached  the  station  on 
January  3d,  1896.  They  weighed  together  2,940  pounds, 
an  average  of  980  pounds.  They  gained  20  pounds  during 
the  three  following  days.  The  price  paid  at  Le  Sueur  was 
$4.00  per  100  pounds.  The  freight  was  charged  at  11  cents 
per  100  pounds,  the  charge  for  carload  lots.  Adding 
$117.60  the  cash  price  paid  at  Le  Sueur,  88  cents  the  food 
for  three  days,  and  $3.23  for  freight,  gives  $121.71  or  $4.11 
per  100  pounds  as  the  cost  of  the  Herefords.     The  net  cost 
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of  the  nine  steers  therefore,  when  the  experiment  began,  was 
$3.70  per  100  pounds. 

Conditions  Governing  the  Bxperiment.Sint  steers  in 
all  were  put  under  experiment,  that  is  to  say,  three  animals 
of  each  grade.  They  were  tied  in  stalls.  Those  of  each 
grade  stood  side  by  side,  and  when  any  comparisons  are 
made  relating  to  breed  they  are  spoken  of  in  the  experiment 
as  Aberdeen  Polls,  Shorthorns  and  Uerefords  respectively. 
When  comparisons  other  than  these  are  made,  they  refer  to 
lots  and  not  breeds,  as  such.  Lot  I  comprised  the  three 
steers  that  stood  on  the  right  hand  of  the  breed  groups,  one 
of  each.  Lot  2  comprised  those  standing  in  the  centre,  and 
lot  3  those  standing  on  the  left.  To  the  steers  in  lot  1  was 
fed  the  light  .grain  food  referred  to  further  on,  to  those  in 
lot  2  the  intermediate  g^ain  portion,  and  to  those  in  lot  3 
the  heavier  grain  food.  The  steers  were  curried  occasionally. 
They  were  given  exercise  for  a  short  time  in  a  yard  on  fine 
days.  The  practice  was  to  turn  out  those  of  each  lot  on 
alternate  days,  only  one  lot  being  out  on  one  day.  They 
were  weighed  when  the  experiment  began  and  every  week 
thereafter. 

Food  and  Fceding.^The  steers  in  lot  1  were  fed  5 
pounds  of  meal  per  head  per  day;  the  steers  in  lot  2,  7 
pounds;  and  those  in  lot  3,  9  pounds.  This  was  to  be  in* 
creased  1  pound  per  animal  at  the  end  of  every  4  weeks,  but 
for  reasons  not  quite  in  consonance  with  the  judgment  of 
the  writer,  it  was  increased  a  little  faster  than  that.  On 
February  10th  a  pound  of  oil-cake  was  added,  per  animal 
per  day,  to  the  other  meal.  On  March  16th  a  second  pound 
was  added.  On  May  11th  the  maximum  amounts  of  meal 
fed  had  been  reached.  These  were  10,  12  and  14  pounds 
respectively,  for  the  steers  of  the  different  lots.  The  meal 
fed  consisted  of  equal  parts  by  weight  of  bran,  oats,  barley 
and  corn.  On  March  16th  the  grain  food  was  changed  to 
bran,  barley  and  com,  in  the  proportions  of  1, 1  and  2  parts 
by  weight. 
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In  addition  to  the  grain,  each  steer  was  fed  25  pounds 
of  corn  ensilage  per  day  throughout  the  experiment,  and  in 
addition  they  were  given  all  the  native  hay  which  they 
would  consume  cleanly.  The  ensilage  was  medium  or  a 
little  less  than  that,  but  the  hay  was  decidedly  inferior  in 
quality.  The  grain  was  fed  along  with  the  ensilage  morning 
and  evening,  and  the  hay  was  given  in  three  feeds  daily. 
Water  was  given  in  pails  twice  a  day,  and  salt  was  given  in 
the  mangers  at  least  two  or  three  times  per  week. 

The  Herefords  were  dehorned  when  they  entered  the 
experiment.  The  dehorning  interfered  with  their  feeding 
somewhat  seriously  at  first,  and  it  was  more  than  14  days 
thereafter  before  the  effects  of  the  dehorning  entirely  van- 
ished. This  was  of  course  so  far  unfair  to  the  Herefords  in 
the  contest. 

Estimated  Value  of  the  Food,— The  food  was  charged 
at  what  was  considered  average  market  values  in  the  state. 
These  were  as  follows : 

Bran,  per  ton $6.50 

Oil-cake,  per  ton 14.00' 

Oats,  per  bushel  of  32  pounds 14 

Barley,  per  bushel  of  48  pounds 16 

Com,  per  bushel  of  56  pounds ,.        .18 

Native  hay,  per  ton 3.00 

Corn  ensilage,  per  ton .' 1.00 

As  the  oats,  corn  and  barley  were  fed  in  the  ground 
form,  the  ordinary  cost  of  grinding,  viz.  5  cents  per  sack, 
was  allowed.  The  price  of  these  grains  in  the  ground  form, 
therefore,  was  16V^.  20V4  and  18%  cents  per  bushel. 

The  above  estimate  for  foods  to  an  Easterner  may  seem 
almost  ridiculously  low.  But  in  some  instances  the  food 
cost  less  than  the  prices  charged.  The  bran  was  bought  in 
the  mills  of  the  Twin  Cities  for  $4.50  per  ton.  In  various 
parts  of  the  state  oats  were  exchanging  hands  at  9  to  11 
cents  per  bushel.  True,  the  price  of  meat  was  low  in  the 
spring  of  1896,  but,  with  that  exception,  the  prices  paid  for 
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meat  were  not  really  low  during  the  term  of  years  in  which 
such  low  prices  for  food  prevailed.  The  opportunities  there- 
fore to  make  money  from  the  judicious  feeding  of  Kve  stock 
during  those  years  were  exceptional.  But  with  nearly  all  our 
farmers  they  were  not  improved.  Lilse  the  waters  that  were 
allowed  to  pass  without  grinding  the  grist,  they  also  have 
passed  for  the  prices  of  foods  are  likely  to  be  higher  for 
years  to  come. 

Food  Consumed, — Table  LXXIV.  gives  the  amount  of 
hay,  ensilage  and  meal  respectively  consumed  by  each  steer 
during  the  experiment,  and  the  amount  of  these  combined, 
also  the  total  of  each  kind  of  food  and  of  all  the  food  con- 
sumed by  the  steers  of  each  lot. 


TABUS  liZZTV.— Food  Coiummad  by  the  Steers. 


Hay. 

Bmulagb. 

Mbal. 

TOTAI*. 

Lot  No.  1— 
Oalloway 

Lbs. 

890 

1.287 

933 

Lbs. 

S,6n4 
3,660 
3,066 

Lb«. 

1,283 
1,297 
1,X8S 

Lbs. 
6.827 

Sborthom 

6,234 

Hereford  • 

6,282 

Total 

3,110 

10.370 

3.863 

17,343 

Lot  No.  2— 
Oalloway 

904 

3.126 

909 

2,939 

3,689 
a.652 
2,666 

1,678 
1687 
1.649 

6,071 

Shorthorn 

6,365 

Hereford 

6,014 

Total.. 

9,797 

4,714 

17.450 

Lot  No.  3— 
Oalloway 

771 
978 
820 

2,363 
S.«73 
2,403 

1.830 
1,763 
1.782 

-    ■ 

4,964 
6.114 

Shorthorn 

Hereford 

8  005 

Total...... 

2,669 

8,129 

6,376 

16.073 

Each  Steer  was  given  the  same  amount  of  oilcake,  viz. 
196  pounds,  and  it  is  included  in  each  instance  in  the  aggre- 
gate amount  of  meal  fed.  It  will  be  observed  that  the  in- 
creased quantity  of  meal  fed  to  the  steers  in  lots  2  and  3  res- 
pectively, caused  a  somewhat  decreased  consumption  of  both 
hay  and  ensilage,  as  compared  with  the  amounts  ]of  these 
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consumed  by  the  steers  in  lot  1,  but  the  decrease  was  not 
sufficient  to  balance  the  greater  cost  of  the  additional  grain 
fed.  In  fattening  animals  there  is  a  point  at  which  thfr 
respective  quantities  of  fodder  and  meal  fed  are  in  equili- 
brium. The  best  results  will  unquestionably  be  obtained 
when  that  point  is  reached. 

Table  LXXV.  gives  the  amount  of  each  kind  of  food 
consumed  daily  by  the  steers  in  the  different  lots,  the  average 
amount  of  the  same,  and  the  total  daily  consumption  of 
food  by  each  individual  animal. 


TABLB  UEXV.—BaUy  Ooiuitunption  of  Food  by  the  Steers. 


Hay 

Bntilagc 

Meal 

Total 

Lot  No.  1— 
Galloway 

Lbfl. 
5.98 
8.68 
6.22 

Lbs. 
24.86 
24.33 
20.44 

Lbs. 
8.66 
8.66 
8.66 

'.bs. 
38.84 

Shorthorn 

41.66 

Hereford 

36.21 

Average 

6.91 

23.04 

8.68 

88.64 

Lot  No.  2— 
Gallowaj 

6.02 
7.51 
6.06 

23.98 
24.36 
17.04 

10.62 
10.68 
10.33 

40  47 

Shorthorn 

42.44 

Hereford 

38  48 

Average 

6.63 

21.77 

10.48 

38.78 

Lot  No.  3 — 
Galloway 

0.14 
6.62 
6.47 

16.69 
22.49 
16.02 

12.20 
11.76 
11.H8 

33.03 

Shorthorn 

40  76 

Hereford , 

33.87 

Average 

6.71 

18.07 

11.94 

36.72 

It  will  be  noticed,  first,  that  the  averages  of  meal  con* 
sumed  daily  by  the  steers  in  the  different  lots  were  8.58» 
10.48  and  11.94  pounds  respectively ;  second,  that  the  steers 
in  lot  3  did  not  consume  quite  the  full  proportion  of  meal 
intended  for  them,  although  at  no  time  of  the  experiment 
were  they  given  more  than  16  pounds  per  day,  more  than 
once  the  quantity  given  to  them  had  to  be  modified  to  keep 
them  on  their  feed;  third,  that  the  average  quantity  of 
meal  fed  to  the  steers  in  lot  1  was  only  a  little  more  than 
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one-third  of  the  average  quantity  of  com  fed  by  our  wes- 
tern feeders.  True,  there  was  some  com  fed  in  the  ensilage. 
This  fact  must  not  be  lost  sight  of,  but  the  amount  of  corn 
thus  fed  would  not  amount  probably  to  more  than  two  or 
three  pounds  per  day,  and  yet,  as  will  be  shown  later,  the 
increase  made  by  the  steers  in  lot  1  is  more  than  the  increase 
made  by  those  in  lot  3,  which  consumed  so  much  more 
grain ;  and,  fourth,  that  the  steers  in  some  of  the  lots  con- 
sumed quite  the  amount  of  ensilage  intended.  This  was  due 
to  its  indiflFerent  character,  otherwise  they  would  have 
eaten  it  clean  in  preference  to  the  poor  hay  given.  Notably 
was  this  the  case  with  the  steers  in  lot  3,  which  were  given 
so  much  grain. 

Weights  of  the  Animals, — Table  LXX  VI.  gives  the  weight 
of  the  individual  animals  in  each  lot  at  the  commencement 
'and  at  the  close  of  the  experiment,  and  the  total  individual 
increase  in  weight.    It  also  gives  the  total  for  each  group. 


TABLE  UCXVI.— Welffhtfl  of  thm  Animala  In  the  DlfEerant  Iiots. 


Wdglit  at 

the  Beginning 

of  the  Bx- 

periment 


Lot  No.  l— 

Oalioway 

Shorthoro 

Hereford 

Total 

Lot  No.  2 — 

Galloway 

Shorthorn 

Hereford 

Total 

Lot  No.  8— 

Galloway 

Shorthorn 

Hereford 

Total 


Lbs. 
1.000 
1,080 
1,080 


3,110 


1,000 

1,180 

9»5 


3,165 


986 

1,160 

99ft 


3,140 


WHght 
at  the  Close 
of  the  Bxperi 
ment. 


Lbs. 
1,247 
1,342 
1,262 


8,851 


1,817 
1.422 
l,k02 


3,941 


1.247 
1,875 
1.210 


3,882 


Total 

Increase 

in  Weight. 


Lbs. 
247 
262 
282 


741 


267 
242 
267 


776 


262 
216 
216 


692 
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The  aggregate  gain  made  by  the  steers  in  lot  1  was  35 
pounds  less  than  that  made  by  the  steers  in  lot  2,  but  it  was 
49  pounds  more  than  that  made  by  the  steers  in  lot  3,  not- 
withstanding the  much  greater  consumption  of  meal  by  the 
latter,  and  meal  is  usually  the  most  costly  food.  These  re- 
sults would  tend  to  show  that  gain  can't  be  forced  in  a 
somewhat  prolonged  period  of  feeding  by  giving  concen- 
trated food  beyond  a  certain  limit. 

Table  LXXVII.  gives  the  average  daily  gains  made  by 
the  individual  animals  in  the  several  lots  and  also  the 
daily  average  made  by  those  of  each  lot. 


TABIiB  ZiXXVTI.^ATeraffe  Dally  Inorea««  M«d«. 


Lotl 

Lot  2 

Lots 

Lbs. 
1.65 
1.75 
1.55 

Lb«. 
1.78 
1.61 
1.78 

Lbs. 
*    1.75 

1  43 

1.43 

1.65 

1.72 

1.54 

Galloway.  .. 
Shorthorn... 
Hereford 

Averas^e 

\ 


The  average  daily  gain  made  by  all  the  steers  was  1.64 
pounds.  This  is  only  a  moderate  increase,  but  it  is  probably 
about  as  good  as  may  usually  be  looked  for  from  prolonged 
feeding  in  the  absence  of  ensilage  first-class  in  quality.  The 
fact  is  significant  that  the  extra  amounts  of  meal  fed  to  the 
steers  in  lot  3  did  not  produce  the  greatest  gains. 

Cost  o/ Food.— Table  LXXVIII.  gives  the  cost  of  each 
food  factor  fed  to  the  individual  animals  in  the  different  lots, 
the  total  cost  of  the  several  food  factors  fed  to  each,  and  the 
total  cost  of  the  food  fed  to  the  animals  of  the  respective 
lots. 


COST  OF  FOOD. 
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TABLE  LXXVUL— Cost  of  Food  Oonsnmed. 


Hat. 

B?ISI1.AOB. 

Meal 

Total 

Lot  No.  1 — 
Oalloway 

$1.34 
1.93 
1.40 

;u.83 

1.82 
1.53 

$6.63 
6.49 
5.43 

$8.70 
9.24 

Shorthorn 

Hereford 

8  36 

Total 

4.67 

6.18 

16.46 

26  30 

Lot  No.  2— 
Galloway 

1.S6 
1.69 
1.36 

1.80 
1.83 
1.28 

6  46 
6.58 
6.44 

9.61 

Shorthorn 

10.10 

Hereford 

9.U8 

« 

Total 

4.41 

4.91 

19.47 

28.79 

Lot  No.  3— 
Galloway 

1.16 
1.47 
1.23 

1.18 
1.68 
1.20 

7.49 
7.24 
7.31 

9.83 

Shorthorn 

10.39 

Hereford 

9.74 

Total 

3.86 

4.06 

22.04 

29.96 

The  food  fed  to  the  steers  in  lot  1  cost  $2.49  less  than 
that  given  to  those  in  lots  2  and  $3.66  less  than  that 
given  to  the  steers  of  lot  3,  while  the  increase  in  the 
weight  of  those  in  lot  2  as  previously  stated  was. only 
35  pounds  more  than  with  those  in  lot  1,  and  with 
the  steers  in  lot  3  it  was  49  pounds  less.  With  food  at 
normal  prices  the  difference  in  the  cost  of  food  could  have 
been  much  greater.  It  is  also  worthy  of  notice,  that  the 
shorthorn  .steers  of  lots  2  and  3  respectively  did  not 
make  the  greatest  increase  in  weight,  although  they  cost  the 
most  for  food. 

Table  LXXIX.  gives  the  average  daily  cost  of  the  food 
consumed  by  the  individual  animals  in  the  several  lots,  and 
also  the  daily  average  cost  of  the  same  by  lots. 


TABLE  TiXXIX.    Average  Daily  Oost  of  Food  Oonsamed. 


Galloway.... 
Shorthorn... 
Hereford  ;.... 

Average 


Lot  1, 


Cents 

6.80 
6.16 
6.58 


6.83 


Lot  2. 


Cents 

6.41 
6.73 
6.06 


6.40 


Lot  3. 


Centfl 

6.66 
6.93 
6.49 


6.66 
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The  average  cost  of  feeding  each  steer  per  day  for  the 
150  days  of  the  experiment  was  but  6.3  cents.  Such  a 
result  seems  scarcely  credible  to  one  used  to  the  more  costly 
feeding  of  the  East.  In  the  winters  of  1890,  '91  and  '92  the 
writer  fed  steers  in  Ontario  with  a  daily  average  outlay  for 
food  of  17.59  cents,  and  with  a  fair  profit.  Of  course  the  rel- 
ative buying  and  selling  prices  were  different.  Had  the  prices 
of  meat  been  normal  when  the  steers  fed  in  this  experiment 
were  sold,  the  profit  made  would  have  been  satisfactory, 
even  at  the  high  price  paid  for  them. 

Cost  of  Increase. — Table  LXXX.  gives  the  average  cost 
of  making  each  100  pounds  of  increase  by  the  individual 
animals  in  the  several  lots,  and  also  the  average  cost  of  the 
same  by  lots. 


TABIiE  LXXX.— Areraffe  Ocst  of  lOO  Founds  of  Inorease, 


OaUoway.... 
Shorthorn... 
Hereford 

Average 


Lotl 


$3.63 
3.68 
3.60 


$8.66 


Lot  2 


$8.60 

4.17 
8.40 


3.72 


I^ot3 


$8.76 
4.83 
4.68 


4.37 


The  average  cost  of  producing  100  pounds  o(  increase  by 
the  steers  in  all  the  lots  was  $3.88.  They  were  sold  at  the 
abnormally  low  pric»  of  4.10  cents  per  pound  when  finished, 
but  even  at  that  low  price  each  average  pound  of  increase 
was  made  at  a  figure  less  than  the  cost  of  making  it ;  with 
four  of  the  animals  only  was  it  greater,  and  it  is  significant 
that  three  of  the  four  were  in  lot  3,  and  that  one  of  them 
was  in  lot  1. 

Pro&t  Made, — Table  LXXXI.  gives:  1,  the  value  of  the 
steers  in  each  lot  when  the  experiment  began;  2,  the  cost 
of  the  food  fed ;  3,  the  total  outlay ;  4,  the  value  when 
the  experiment  closed,  and,  5,  the  profit.  The  totals  in 
each  instance  are  also  given.  . 


PROFITS  MADE-DISPOSAL. 
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TABIiE  TiXXXT.— Values  and  ProAt  Hade  Burinff  the  Experiment. 


LOTl 

Lot  2 

Lot  3 

Totals 

Value    when    the  Experi- 
ment be^att  Jan.  6,  '96.. 
Cost  of  Pood 

$116.07 
26.30 

$117.11 
28.79 

$116.18 
29.96 

$348.36 
85.05 

Total  Co«t 

141.37 
157.89 

145.90 
161.58 

146.14 
157.11 

433.41 

Valne    when    the  Bxperl- 
ment  closed  Ttine  4r 

476.58 

Profit 

$16.52 

$15.68 

$10.97 

$43.17 

No  allowance  is  made  for  shrink  in  the  above  computa- 
tion. Nor  should  it  be  in  such  a  statement,  without  also 
slirinking  the  animals  at  the  beginning  of  the  feeding.  The 
above  profit  is  of  course  greater  than  the  net  profit  shown 
later.  Nor  should  the  fact  be  overlooked  that  the  profit 
during  the  feeding  period  was  $5.55  more  from  the  steers 
in  lot  1  than  from  those  in  lot  3,  although  each  of  the 
latter  consumed  daily  3.36  pounds  more  meal.     ^ 

Table  LXXXII.  gives  the  value  of  the  food  fedduringthe 
experiment,  the  value  of  the  increase  made,  and  the  profit 
or  otherwise  of  the  said  increase. 


TABLE  TiXXXTT, — Proflt  from  the  Inoreaae  Made  During  the  Bzperiment. 


Valne  of 
Pood  Ped 

Valne  of  Increase 
in  Weight 

Profit  on  the  In- 
crease in  Weis^ht 

Lot  1 

$26.80 
28.79 
29.96 

$30.38 
31.82 
28.37 

-1-  $4.08 

Lot  2 

-1-    3.03 

lx>t  3 

—    1.59 

Totals 

$85.06 

$90.67 

-1-  $5.62 

The  net  profit,  $5.52,  on  the  increase  in  weight  w^as  not 
large,  but  under  the  circumstances  it  was  very  satisfactory 
to  have  any  profit  at  all  on  the  increase  in  weight. 

Disposal  of  the  Steers. — The  steers  were  sold  by  Col.  W. 
M.  Ligget,  the  director,  to  W.  E.  McCormick,  of  St.  Paul, 
through  whom  they  were  in  turn  sold  to  the  retail  trade  of 
the  city.    The  price  paid  was  $4.10  per  100  pounds,  with  a 
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shrink  of  4  per  cent.    They  were  sent  to  the  block  on  June 
4th,  when  the  experiment  closed. 

Financial  Statement.— Cash  received  for  9 

steers  on  June  4th,  1896,  shrunk  weight 

11,159  pounds  at  $4.10  per  100  pound.s  $457.52 

Value  of  9  steers  on  Jan.  6th,  on  the  basis 

of  cost $348.36 

Cost  of  Food 85.05 

Total  outlay 433.41 

Total  net  profit $24.11 

Net  Profit  on  one  steer 2.68 

Observations. — 1.  Notwithstanding  the  high  price  paid 
for  the  steers  and  the  low  price  received  for  them,  some  net 
profit  was  made  on  each  animal.  In  lot  1  the  net  profit 
was  $10.21;  in  lot  2,  $9.20;  and  in  lot  3,  $4.70. 

2.  The  value  of  manure  is  supposed  to  oflFset  the  cost  oi 
bedding,  labor  and  interest  on  the  investment. 

3.  The  food  was  charged  at  market  values,  which  or« 
dinarily  would  be  against  the  experiment,  but  at  the  figures 
named  it  was  probably  but  little  above  the  cost  of  produc- 
tion. 

IMPORTANT  FACTS  SUMMARIZED. 

Values. — 

1.  Value  per  100  pounds  on  the  basis  of  cost,  when 

the  experiment  began  Jan.  6, 1896 $3.70 

2.  Value  per  100  pounds  on  the  basis  of  actual  re- 
ceipts, June  4,  when  the  steers  were  sold 4.10 

3.  Advance  in  value  per  100  pounds 40 

Weights. — 

1,.    Average  weight  of  the  steers  in  lot  1  when  the      ^***- 
experiment  began,  Jan.  6th,  1896 1,037 
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2.  Average  weight  of  the  steers  in  lot  2  at  the  same 

date 1,055 

3.  Average  weight  of  the  steers  in  lot  3  at  the  same 

date 1,047 

4.  Average  weight  of  one  'steer  in  all  the   lots  at 

the  same  date 1,046 

5.  Average  weight  of  the  steers  in  lot  1  at  the  close 

of  the  feeding,  June  4th,  1896 1,284 

6.  Average  weight  of  the  steers  in  lot  2  at  the  same 

date 1,314 

7.  Average  weight  of  the  steers  in  lot  3  at  the  same 

date 1,277 

8.  Average  weight  of  one  steer  in  all  the  lots  at  the 

same  date 1,292 

Increase  in  Weight, — 

1.  Total  increase' in  weight  made  by  the  steers  in 

lot  1  during  the  experiment 741 

2.  Total  increase  in  weight  made  by  the  steers  in 

lot  2  during  the  same  period 776 

3.  Total  increase  in  weight  made  by  the  steers  in 

lot  3  during  the  same  period 690 

4.  Average  increase  per  day  made  by  the  steers  in 

lot  1  during  the  experiment 1.65 

5.  Average  increase  per  day  made  by  the  steers  in 

lot  2  during  the  same  period 1.72 

6.  Average  increase  made  by  the  steers  in  lot  3  dur- 
ing the  same  period 1.54 

Food  Consumed— 

1.  Average  amount  of  meal  consumed  per  day  by 

the  steers  in  lot  1  during  the  experiment 8.58 

2.  Average  amount  of  meal  consumed  per  day  by 

the  steers  in  lot  2  during  the  same  period 10.48 

3.  Average  amount  of  meal  consumed  by  the  steers 

in  lot  3  during  the  same  period % 11.94 
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Cost  of  Food'- 

1.  Average  cost  of  food  per  day  with  the  steers  in 
lot  1 .'. 5.85 

2.  Average  cost  of  food  per  day  with  the  steers  in 

lot  2 6.40 

3.  Average  cost  of  food  per  day  with  the  steers  in 

lot  3 6.66 

Cost  of  Increase^ 

1.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  lot  1 $3.55 

2.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  lot  2 3.72 

3.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  lot  3 4.37 

Pro£ts. 

1.  Net  profit  on  the  steers  in  lot  1 10.21 

2.  Net  profit  on  the  steers  in  lot  2 9.20 

3.  Net  profit  on  the  steers  in  lot  3 4.70 

4.  Average  net  profit  on  each  steer 2.68 

5.  Net  profit  on  the  nine  steers  fed 24.11 

SUMMARY    BASED    ON    BREED. 

1.  The  average  weight  of  the  Galloways,  Shorthorns  and 
Herefords  respectively  at  the  commencement  of  the 
experiment  January  6, 1896,  was  1,012, 1,140  and  987 
pounds. 

2.  The  average  increase  in  weight  per  animal  was  259,  240 
and  238  pounds. 

3.  The  average  of  food  consumed  per  day  was  37.45,  41.59 
and  34.00  pounds. 

4.  The  average  cost  of  food  was  $9.38,  $9.91  and  $9.06. 

5.  The  average*cost  of  100  pounds  of  increase  was  $3.62, 
$4.18  and  $3.84. 
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6.  The  average  net  profit  was  $9.58,  $6.62  and  $7.91. 
In  the  breed  contest  therefore  the  Galloway  grades  are 
in  the  lead  in  point  of  gain,  in  cheapness  of  production 
and  in  the  net  profit  made.  Too  much  must  not  be  made 
of  this,  however,  as  the  weight  of  the  Shorthorns  at  the 
beginning  of  the  experiment  indicated  greater  age,  which 
if  true,  would  be  against  them.  And  the  dehorning  of 
the  Herefords  would  be  so  far  against  them.  The  result, 
however,  tends  to  show  the  excellence  of  the  hardy 
Galloway  breed  for  meat  production  when  crossed  upon: 
commoner  grades. 

CONCLUSIONS. 

1.  That  this  experiment  demonstrates  the  marked  suit- 
ability  of  animals  of  the  Galloway  cross  for  producing  beef. 

2.  That  in  this  experiment  feeding  meal  beyond  10.58 
pounds  per  animal  per  day  with  the  other  adjuncts  failed  to 
produce  any  greater  relative  increase  in  weight. 

3.  That  in  this  experiment  the  highest  net  profit  was 
made  from  the  steers  which  were  fed  an  average  of  but  8.58 
pounds  of  meal  daily  with  other  adjuncts. 

4.  That  in  this  experiment  the  cost  of  production  was 
lowest  with  the  steers  which  were  fed  the  lowest  quantities 
of  meal. 

5.  That  in  fattening  cattle  they  will  consume  more  meal 
if  given  to  them,  than  they  seem  able  to  digest  and  assimilate 
properly. 

6.  That  in  view  of  these  facts  when  suitable  fodder  is 
fed  along  with  the  meal,  it  is  not  necessary  to  feed  quantities 
of  the  latter  so  large  as  are  usually  fed  in  the  feed  lots  of 
the  west. 


FATTENING  RANGE  STEERS. 


SECTION    NO.  2. 


THOMAS  SHAW. 

The  fattening  of  steers  grown  upon  the  range  has  here- 
tofore received  almost  no  attention  from  the  farmers  of  the 
state.  Something  had  been  done  in  this  line  at  the  stock- 
yards, but  rather  after  a  wholesale  fashion,  hence  no  exact 
details  could  be  secured  as  to  the  suitability  of  range  steers 
for  being  fattened  under  farm  conditions  such  as  are  found 
in  our  state.  Much  less  could  information  be  gleaned  with 
reference  to  the  financial  outcome  from  such  feeding. 

As  is  generally  known,  cattle  have  been  grown  for  many 
years  on  the  western  ranges  and  in  numbers  very  large  in 
the  aggregate.  The  range  conditions,  though  suitable  for 
growing  them,  are  not  suitable  for  fattening  them  without 
supplemental  food.  More  especially  is  this  true  of  the  cattle 
grown  on  the  ranges  to  the  west  of  Minnesota.  If,  there- 
fore, they  are  to  be  sent  to  the  market  in  the  best  of  finish, 
they  must  needs  be  fattened  somewhere  between  the  ranges 
and  the  place  of  slaughter. 

These  animals  cross  our  state  in  thousands  and  tens  of 
thousands  every  year  while  being  sent  to  the  market.  Min- 
nesota, better  than  almost  any  other  state  in  the  Union  has 
facilities  for  fattening  these  animals.  This  statement  can- 
not be  gainsaid  when  climate,  material  to  provide  shelter 
and  food  production  are  considered,  and  several  of  the  rail- 
roads which  transport  these  cattle  to  market  allow  them  to 
be  fed  in  transit,  which  makes  it  possible  for  the  feeder  to 
enjoy  the  benefit  of  the  long  haul  rates.  The  Minnesota 
farmer  therefore  enjoys  exceptional  advantages  for  engaging 
in  such  work,  and  this  experiment  was  undertaken  in  the 
thope  of  gleaning  such  information  as  would  demonstrate  to 
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him  not  only  its  practicability  but  its  advantageous  charac- 
ter. It  was  also  decided  to  so  feed  them  if  found  practicable 
that  the  experiment  would  be  of  the  same  character  as  the 
two  previously  conducted,  that  is  to  say,  it  would  prove  a 
farther  demonstration  of  the  results  to  be  expected  from 
feeding  small,  intermediate  and  larger  quantities  of  grain 
while  the  animals  were  being  fattened.  The  details  of 
the  first  of  these  experiments  are  given  in  Bulletin  No.  44, 
and  those  of  the  second  form  the  first  division  of  this 
bulletin. 

Time  Covered  by  the  BxperimeDt, — The  experiment  pro- 
per began  December  7th,  ]  896,  and  ended  April  17th,  1897,. 
thus  covering  a  period  of  131  days.  It  was,  however,  pre- 
ceded by  what  may  be  termed  a  preparatory  period,  which 
began  Nov.  19th,  and  which  therefore  lasted  18  days.  In 
the  case  of  these  steers  this  preparatory  feeding  was  very 
necessary,  that  they  might  become  accustomed  to  surround- 
ings which  to  them  were  new  and  peculiar,  and  that  they 
might  be  enabled  to  take  hold  of  their  food  rations  with 
some  degree  of  uniformity  when  the  experiment  began. 
These  rations  were  the  same  in  kind  as  those  fed  during  the 
experiment  proper,  described  below.  By  the  end  of  the 
preparatory  period  they  were  all  taking  their  food  fairly 
well,  though  in  some  instances  they  were  not  taking  a  full 
allowance  of  ensilage. 

The  Objects  Sought  in  the  Experiment. — Chief  among 
the  objects  sought  were :  1,  to  assert ain  the  suitability  of 
range-grown  steers  for  being  fattened  under  farm  condi- 
tions; 2,  to  ascertain  the  relative  returns  from  feeding 
light,  intermediate  and  heavier  quantities  of  grain,  and,  3, 
to  glean  information  bearing  upon  the  probable  financial 
outcome  from  conducting  such  work.  The  secondary  ob- 
jects sought  information :  1,  on  such  points  as  the  relative 
daily  gains  made;  2,  the  relative  amounts  of  food  con- 
sumed in  making  them,  and,  3,  the  relative  cost  of 
production. 
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The  Animals  Used. — Nine  steers  were  used  in  the  experi- 
ment. They  were  part  of  a.  carload  of  21  animals  pur- 
chased bj  the  writer  on  "Shelter  Ranch,"  Montana.  Mr. 
John  Manning,  the  owner  of  this  ranch  is  located  some  12 
miles  north  from  Culbertson,  on  the  Great  Northern  Rail- 
road. They  were  two-year-olds  and  wereof  various  grades. 
In  some,  Hereford  and  Aberdeen  Polled  blood  was  evidently 
dominant,  but  in  others.  Shorthorn  blood  prevailed.  They 
were  good  fair  types  of  beef-making  steers,  but  were  a  little 
long  of  limb  and  strong  of  bone  to  be  placed  in  the  very 
first  rank.  They  were  reared  under  what  may  be  termed 
semi-range  conditions,  that  is  to  say,  they  were  grown  on 
range  pastures,  but  under  the  eye  of  a  herder.  They  had 
been  suckled  by  their  dams,  and  in  the  winter,  when  neces- 
sary, hay  had  been  given  to  them.  They  had  never  been 
handled  otherwise  than  in  branding  them,  and  on  all  occa- 
sions had  been  driven  by  the  aid  of  a  horse.  They  were  not 
so  wild,  therefore,  as  steers  reared  on  the  open  range,  but 
were  very  much  wilder  than  those  grown  on  the  arable 
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harm.  With  reference  to  the  absence  of  handling,  they  were 
types  of  what  a  majority  of  the  range  cattle  are  soon  likely 
to  be,  as  the  era  of  growing  cattle  on  the  semi-range  plan 
rather  than  on  the  open  range  and  without  a  herder  is 
eyidently  at  hand. 

The  steers  were  unloaded  at  the  sdb-experiment  station 
at  Crookston  on  September  2,  1896.  As  pasture  was 
abundant  there,  it  was  the  intention  to  graze  them  for  a 
time,  and  to  feed  them  likewise  a  supplement  of  cheap  grain^ 
fmch  as  screenings.  It  cannot  be  said,  however,  that  this 
part  of  the  experiment  was  quite  successful.  The  weather 
turned  unusually  cold  for  the  season  of  the  year,  early  frost 
destroyed  the  succulence  of  the  grass,  and  in  the  absence  of 
■belter  the  steers  made  but  little  increase,  as  will  be  apparent 
on  examining  the  record  of  weights  given  below. 

On  November  18th  they  were  reshipped  to  St.  Paul,  and 
on  the  19  th  of  the  same  9  of  them  were  weighed,  tied  up  and 
put  under  experiment.  These  9  were  chosen  on  the  basis  of 
uniformity,  and  they  were  very  little  heavier  than  the 
average  of  the  whole  lot.  The  12  animals  remaining  were 
divided  into  small  lots  of  3  each,  and  were  put  into  close 
box  stalls,  to  be  fattened  loose  on  certain  rations  allotted 
to  them.  But  as  one  and  another  of  them  was  slaughtered 
from  time  to  time  for  the  school  of  agriculture,  comparisons 
could  not  be  made  that  would  be  of  any  value. 

When  the  steers  reached  Crookston  they  were  weighed 
and  evidently  in  a  much  shrunken  condition.  The  average 
of  the  whole  lot  was  1,097  pounds.  The  average  weight 
of  the  9  animals  subsequently  put  under  experiment  was 
1,109  pounds.  The  average  weight  of  the  latter  on  Novem- 
ber 19th,  when  the  feeding  began,  was  1,129  pounds,  and 
on  December  7th,  when  the  experiment  proper  began,  it  was 
1,166  pounds.  They  were  also  dehorned  at  the  time  of  the 
first  weighing. 

The  cost  in  Montana  was  $30.00  per  animal.  On  the 
basis  of  the  weight  taken  at  Crookston,  they  cost  $3.10  per 
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100  pounds  laid  down  at  the  latter  place.  Thevaliieof 
pasture  was  very  low  at  the  time  at  Crookston,  as  were 
also  the  values  of  hay  and  screenings.  In  fact  these  were 
simply  nominal.  Prom  the  time  of  arrival  at  the  central 
station  on  November  18th,  they  were  fed  the  same  kinds  of 
food  as  during  the  experiment  proper.  As  they  were  fed 
together  at  Crookston,  it  is  impossible  to  tell  the  exact  cost 
of  keeping  each  steer  while  there.  But  allowing  market 
values  for  the  food  and  pasture,  as  nearly  as  can  be  ascer- 
tained, they  were  worth  on  December  7th,  when  the  experi- 
ment proper  began,  on  the  basis  of  cost,  $3.13  per  100 
pounds.  This  includes  all  outlay.  The  freight  on  the  car 
from  Culbertson,  Mont.,  to  St.  Paul,  702  miles,  was  $83.50^ 
and  with  food  included,  $84.90,  practically  $4.04  on  each 
animal. 

Conditions  Governing  the  Experiment, — When  put  under 
experiment  they  were  tied  in  stalls  side  by  side.  Tying  them 
was  no  easy  task,  and  some  individuals  apparently  chafed 
under  the  confinement  for  a  time,  but  gradually  even  these 
became  quite  contented  with  their  surroundings.  Although 
they  at  length  became  suflBciently  tame  to  admit  of  being 
curried  occasionally,  the  attendant  had  to  exercise  due 
caution  in  a  near  approach  to  some  of  them,  even  to  the 
end  of  the  experiment.  The  proper  way,  of  course,  to  feed 
such  animals  on  the  farm  would  be  at  large  with  access  to 
a  shed  and  yard,  but  under  such  conditions  some  of  the 
objects  sought  in  this  experiment  would  not  have  been 
obtained.  The  steers  were  weighed  every  two  weeks  after 
having  been  put  under  experiment.  Under  the  circumstances 
it  was  not  practicable  to  give  them  any  exercise. 

They  w^ere  divided  into  three  lots,  three  in  each  lot. 
The  three  right  hand  steers  in  the  several  lots  taken  together 
are  spoken  of  as  lot  1 ;  the  three  middle  steers  are  spoken  of 
as  lot  2,  and  the  three  left  hand  steers  as  lot  3.  The  first, 
second  and  third  steers  in  each  lot  are  also  spoken  of  as 
(a),  (b)  and  (c)  respectively,  when  being  distinguished  in- 
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dividuallj.  To  the  first,  that  is  to  say  to  lot  1,  was  fed  the 
light  meal  portion,  to  the  second  the  intermediate  quantity, 
and  to  the  third  the  heavier  meal  portion. 

-Food  and  Feeding'. — The  food  consisted  of  bran,  barley^ 
com  and  oilcake  fed  in  the  proportions  of  3, 3, 3  and  1  part» 
by  weight,  hay  and  ensilage.  The  steers  in  lot  11  were  fed 
7  pounds  per  day  of  the  grain  when  the  experiment  began, 
those  in  lot  2  were  given  9  pounds,  and  those  in  lot  3,  11 
pounds.  These  respective  amounts  were  increased  at  the 
rate  of  one  pound  per  animal  every  four  weeks.  It  was  in- 
tended to  give  them  25  pounds  of  corn  ensilage  per  day  per 
animal,  but  after  a  time  some  of  them  became  so  indifferent 
about  eating  the  ensilage,  that  in  order  to  sustain  as  nearly 
as  practicable  an  equilibrium  in  the  amounts  of  ensilage 
fed,  the  average  per  animal  was  reduced  to  18  pounds  per 
day  on  February  1st,  and  from  the  steer  (a)  of  lot  2,  it  had 
to  be  withheld  altogether.  They  were  given  all  the  mixed 
hay  they  would  consume.  The  ensilage  was  fed  in  two  feeds 
per  day  and  likewise  the  meal.  The  hay  was  fed  uncut  and 
in  three  feeds  per  day.  The  contest  lay  between  diflferent 
quantities  of  meal  fed  to  the  steers  of  the  diflferent  lots. 

Estimated  Value  of  the  Food, — The  food  given  to  the 
steers  was  charged  at  what  was  considered  average  market 
values  for  the  same  in  the  state.    These  were  as  follows: 

Bran,  per  ton $6.50 

Barley,  per  bushel  of  48  pounds 16 

Corn,  per  bushel  of  56  pounds 18 

Oilcake,  per  ton 14.00 

Hay,  per  ton 3.50 

Com  Ensilage 1.25 

An  allowance  of  2%  cents  per  bushel  was  made  for  grind- 
ing the  barley  and  corn.  The  ordinary  charge  for  the  sathe 
in  the  state  is  5  cents  per  sack.  The  barley  meal,  therefore, 
would  be  worth  18^  cents  per  48  pounds  and  the  com  20 Vi 
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cents  per  56  pounds.    The  hay  was  coarse  in  character.    It 
consisted  of  timothy  and  clover,  the  former  predominating. 

Incidents  of  the  Experiment. — On  February  17th  the 
grain  ration  was  increased  one  pound  per  animal  per  day  over 
and  above  the  original  intended  ratio  of  increase.  This  in- 
crease was  not  quite  in  consonance  with  thejudgment  of  the 
writer.  By  March  1st  the  respective  amounts  fed  to  each 
animal  per  day  was,  to  the  steers  in  lot  1,  11  pounds ;  in  lot 
2,  13  pounds,  and  in  lot  3,  15  pounds.  The  meal  was 
not  further  increased.  On  the  other  hand  it  was  found  nec- 
essary in  some  instances  to  decrease  it.  For  instance,  the 
steer  (a)  in  lot  2,  was  off  his  feed  for  several  days  subsequent 
to  March  18th,  although  he  was  being  given  but  11  pounds 
of  meal  daily.  The  meal  fed  to  steer  (c)  in  lot  2  must  heeds 
be  reduced  from  15  to  13  pounds  daily  for  a  few  days  subse- 
quently to  April  5th,  and  a  similar  reduction  was  found 
necessary  with  the  steer  (c)  in  lot  3,  at  least  for  a  time,  sub- 
sequently to  April  5th.  The  meal  fed  to  this  steer  after  that 
date  was  never  raised  again  to  exceed  14?  pounds  daily. 
None  of  the  steers  consumed  the  full  amount  of  ensilage 
intended.  No  ensilage  was  fed  to  the  steer  (b)  in  lot  1  after 
March  16th,  as  he  refused  to  eat  it,  and  steer  (b)  in  lot  3 
had  also  but  little  relish  for  the  ensilage  at  any  period  of  the 
feeding.  On  March  29th  the  barley  was  omitted  from  the 
ration  and  the  proportions  of  the  bran,  corn  and  oil  cake 
were  made  to  consist  of  3,  6  and  1  parts  respectively.  The 
change  was  made  with  a  view  to  hasten  the  finishing  process. 

Food  Consumed. — Table  LXXXIII.  gives  the  amount  of 
hay,  ensilage  and  meal  respectively  consumed  by  each  steer 
during  the  experiment,  and  the  sum  of  these  taken  together, 
also  the  total  of  each  kind  of  food  and  of  all  the  food  con- 
sumed by  the  steers  of  each  lot  during  the  experiment. 
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TABLE  TiXXXm.  -Food  Oonsumod  by  the  Staars. 


Lot  No.  1 — 

(a) 

(bi 

^> • 

Total 

Lot  No.  2 — 

(B. 

(b 
(c 

Total.... 
Lot  No.  S 

(a) : 

i?l :::::::::::;:: 

Total.... 


Hay 


Lbs. 

1,6S6 
1,254. 
1,868 


4,168 


1.075 
1,208 
1.261 


3.634 


1,227 
1,882 
1,001 


3,660 


Bnallage 


Lbs. 

2,788. 

1,746 

2,610 


7,143 


2,620 
2,678 
2,683 


7,981 


2.763 
1.483 
2,668 


6,864 


Meal 


Lbs. 

1.200 
1,162 
1,206 


3,568 


1,462 
1,463 
1.463 


4,388 


1,727 
1.709 
1,710 


6,146 


Total 


Lbs. 

6,624 
4.161 
6,184 


14,869 


6,167 
6,349 
6,397 


16,903 


6,707 
4,474 
6,379 


15,660 


The  steers  in  lot  2  constimed  more  fodder,  that  is  to  say, 
hay  and  ensilage,  than  those  in  lot  1.  But  for  the  capricious 
appetite  of  the  steer  (b)  in  lot  1,  however,  the  steers  in  the 
latter  lot  would  have  consumed  more  than  those  in  either 
of  the  other  lots.  This  experiment,  like  those  preceding  it, 
similar  in  character,  confirms  the  view  that  increase  in  the 
quantity  of  meal  fed  does  tend  to  decrease  the  consumption 
in  fodder,  but  not  to  the  extent  of  making  the  food  ration 
equally  dear. 

Table  LXXXIV.  gives  the  amount  of  each  kind  of  food 
consumed  daily  by  the  steers  in  the  different  lots,  the  average 
amount  of  the  same,  and  the  total  daily  consumption  of  food 
by  each  individual  animal.  * 
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TABLE  LXXZTV.—Daily  OonBuxnption  of  Food  by  the  Steers. 


Hay 

Bnsilase 

Meal 

Total 

Lot  No.  1— 
(a) '. 

Lbs. 

11.73 

9.57 

10.44 

Lbs. 

21.28 
13.32 
19.92 

Lbs. 

9.16 
8.87 
9.21 

Lbs. 
42.17 

(b) 

31.70 

(c) 

89.67 

XYera^e 

10.68 

18.17 

9.08 

87.81 

Lot  No.  2— 
(a) 

8.21 
9.22 
9.66 

20.00 
20.44 
20.48 

11.16 
11.17 
11.17 

39.37 

(b) :::;:::::"::::::;::::::.::;::::: 

40.83 

(c) .7.:;:...:.:.:.. 

41.20 

Average 

8.99 

20.81 

11.17 

40.47 

Lot  No.  3 — 
(a) 

9.37 

10.17 

7.64 

21.01 
10.94 
20.37 

• 

13.18 
13.06 
13.06 

43.66 

(b) :;::;;:;::::;:::;:::::::::;;;:::: 

34  16 

(c) 

41.06 

A^YtTBgC 

9.06 

17.44 

13.09 

39.69 

Though  the  average  of  meal  consumed  by  the  steers  in  lot 
1  was  4.01  pounds  per  animal  per  day  less  than  the  average 
consumed  by  those  in  lot  3,  yet  the  gains  would  have  prob- 
ably equaled  those  made  by  the  latter  but  for  the  poor  feed- 
ing quality  of  the  steer  (b)  in  lot  1.  This  steer  did  not  take' 
all  of  the  light  allowance  of  meal  accorded  to  him,  and  to 
have  given  more  under  the  circumstances  would  have  cer- 
tainly affected  [his  gains  injuriously.  It  must  be  borne  in 
mind,  however,  that  the  steer  (a)  in  lot  3  was  also  an  indif- 
ferent feeder,  but  not  to  nearly  the  same  extent  as  steer  (b) 
in  lot  1. 

Weights  of  the  Animals.—Teihle  LXXXV.  gives  the 
weight  of  the  individual  animals  in  each  lot  at  the  com- 
mencement and  at  the  close  of  the  experiment,  and  the  total 
individual  increase  in  weight.  It  also  gives  the  totals  for 
each  group. 
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TABLE  IiXZZV.— Weiffhta  of  Animals  In  the  Different  I«ot8. 


Lot  No.  1- 
(a) 

}b) 

(c; 

Total 

Lot  No.  2. 

^21:::::::::::::::: 

(c) 

Total 

Lot  No.  8- 

(a) 

<b) 

(c) 

Total 


Weight  at 

the  Beginninj; 

of  the  Bx- 

periment 


Lbs. 
1,216 
1,150 
1,256 


8,620 


1,078 
1,106 
1,230 


3,418 


1,1<)0 
1,066 
1,220 


3,466 


Weight 

at  the  Cloie 

of  the  Bx- 

periment 


Lbs. 
1,497 
1,292 
1.640 


4,329 


1,343 
1,320 
1,686 


4,198 


1,498 
1,240 
1.486 


4.223 


Total 

Increase 

in  Weight 


Lbs. 
282 
142 
286 


709 


266 
216 
306 


786 


308 
186 
266 


768 


Although  the  steers  in  lotl  aggregated  155  pounds  more 
than  the  steers  in  lot  3  when  the  feeding  began,  and  would, 
therefore,  naturally  require  somewhat  larger  quantities  of 
food,  they  gained  together  but  49  pounds  less  on  a  con- 
sumption of  40.2  per  cent  less  meal.  The  close  relation  be- 
tween regular  consumption  of  food  suitable  in  kind  and  at 
least  approximately  so  in  quality  is  well  brought  out  in  the 
behavior  of  the  steers  in  lot  2.  Throughout  the  experi- 
ment, with  the  one  exception  pointed  out,  they  took  the 
food  regularly  and  with  avidity,  and  they  came  out  first  in 
the  aggregate  gains  made. 

Table  LXXXYI.  gives  the  aggregate  daily  gains  made 
by  the  individual  animals  in  the  several  lots,  and  also  the 
daily  average  made  by  those  of  each  lot. 

The  daily  average  increase  made  was  1.91  pounds.  This 
on  the  whole  is  a  good  average,  notwithstanding  that  two 
of  the  steers  made  very  poor  gains.  And  judging  by  the 
behavior  of  the  steers  in  lot  3  these  gains  would  have  been 
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TABIiB  TiXXXVI*— Average  Dally  Increase  Made. 


(a) 

(b) 

(c) 

KTtTAge 


Lotl 


Lba. 
2.1S 
1.09 
2.18 


1.81 


Lot  2 


JAM. 
2.02 
1.64 
2.38 


2.00 


I^otS 


Lba. 
2.86 
1.41 
2.02 


1.93 


more  had  all  the  steers  been  fed  meal  as  heavily  as  those  in 
lot  3.  The  evidence  rather  points  to  the  conclusion  that 
the  gains  would  have  been  less  than  they  actually  proved. 

Cost  of  Food, — Table  LXXXYII.  gives  the  cost  of  each 
food  factor  fed  to  the  individual  animals  in  the  difierent  lots, 
the  total  cost  of  the  several  food  factors  fed  to  each,  and  the 
totals  of  cost  in  the  food  fed  to  the  animals  of  the  respective 
lots. 

TABLE  TjXXXVU.— Poet  of  Food  Oonsumed. 


Lot  No.  1— 

<a) 

(b) 

(c) 

Total 

Lot  No.  2 — 
(a)  

}?r:::::::::::::::: 

Total 

Lot  No.  3— 

(a) 

(b) 

(c) 

Total 


Hay. 


$2.69 
2.19 
2.39 


7.27 


$1.88 
2.11 
2.19 


6.18 


$2.15 
2.33 
1.76 


6.23 


Ensilage 


$1.74 
1.09 
1.63 


4.46 


$1.64 
1.67 
1.68 


4.99 


$1.72 

.90 

1.67 


4.29 


Meal. 


$4.70 
4.6S 
4.73 


13108 


$6.72 
6.73 
6.73 


17.18 


$6.78 
6.69 
6.71 


20.18 


Total. 


$9.13 
7.88 
8.76 


26.71 


$9.24 
9.61 
9.60 


28.36 


$10.66 

9.92 

10.13 


30.70 


It  is  interesting  to  note  the  relative  cost  of  fodder  and 
meal  respectively.  With  the  steers  in  lot  1  the  cost  of  meal 
was  19.2  per  cent  more  than  that  of  the  hay  and  ensilage 
combined.  With  the  steers  in  lot  3  it  was  91.5  per  cent 
greater,  and  with  the  steers  in  all  the  lots  53.6  per  cent 


COST  OP  FOOD. 


497 


greater.  Since  meal  is  usually  the  more  expensive  ration, 
the  importance  of  keeping  the  relative  consumption  of  meal 
as  low  as  will  be  consistent  with  best  results  is  thus  rendered 
apparent. 

Table  LXXXVIII.  gives  the  average  daily  cost  of  the 
food  consumed  by  the  individual  animals  in  the  several  lots, 
and  also  the  daily  average  cost  of  the  same  by  lots. 

TABLB  LXXXVIII.— Averave  Daily  Oost  of  Food  Oonsmned. 


[a) 

b) 

(c> 

Average 


Lotl. 


Cents 

6.07 
5.98 
6.68 


6.64 


Lot  2. 


Lots. 


Cents 

7.06 
7.86 
7.33 


Cents 

8.18 
7.67 
7.78 


7.21 


7.81 


It  is  further  interesting  to  note  the  increase  in  the  daily 
cost  of  the  food  with  the  increase  in  the  daily  consumption 
of  meal.  This  fact  would  lose  its  significance  if  a  correspon- 
ding increase  was  made  in  the  gains.  In  this  experiment, 
however,  and  in  the  two  preceding  it,  viz. :  the  one  narrated 
in  bulletin  No.  44,  and  the  one  detailed  in  the  first  part  of 
this  bulletin,  such  increase  was  not  secured,  hence  the  con- 
clusion that  in  fattening,  cattle,  the  adjustment  of  the  rela- 
tion between  the  respective  quantities  of  fodder  and  meal  to 
be  fed  is  a  matter  of  great  significance  to  the  feeder,  and  its 
importance  increases  with  the  relative  advance  in  the  price 
of  meal. 

And  just  here  the  caution  may  be  given  not  to  confound 
low  cost  of  food  per  day  and  cheap  feeding.  These  are 
essentially  and  radically  different.  The  daily  cost  of  food 
per  day  in  feeding  the  steer  (b)  in  lot  1  was  less  than  the 
daily  cost  of  feeding  any  of  the  other  steers,  and  yet  by  ref- 
erence to  the  next  table  given  below,  it  will  be  noticed  that 
relatively  he  was  the  most  costly  animal  of  the  nine  to 
fatten,  because  of  the  low  gains  made.  The  great  consider- 
ation in  feeding  cattle  is  to  secure  not  cheap  feeding  in  the 
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absolute  sense,  but  rather  to  secure  large  relative  gains  in 
proportion  to  the  food  consumed. 

Cost  of  Increase, — Table  LXXXIX.  gives  the  average 
-cost  of  100  pounds  of  increase  made  by  the  individual  ani- 
mals in  the  several  lots,  and  also  the  average  cost  of  the 
-same  by  lots. 


(a) 

<b) 

(c) 

Average 


Lotl 


Lot  2 


93.24 
5.61 
8.07 


8.94 


S3.40 
4.42 
3.16 


Lots 


8.69 


$8.46 

6.86 
3.82 


4.21 


In  every  instance  the  cost  of  making  100  pounds  of  in- 
-crease  was  less  than  the  price  for  which  it  was  sold.  The 
<:heapest  gain  was  made  by  steer  (c)  in  lot  1.  He  made  100 
pounds  of  increase  for  $3.07,  the  cheapest  increase  ever 
obtained  by  the  writer  in  feeding  cattle.  The  increase  with 
(b),  the  poor  feeding  steer  in  the  same  lot,  cost  over  79  per 
•cent  more  than  the  increase  made  by  the  steer  (c).  It  should 
also  be  noticed  that  the  increase  made  by  the  steers  in  lot 
3,  which  were  fed  meal  in  the  largest  quantities,  cost  the 
most. 

Pro£t  Made. — Table  XC.  gives:  1,  the  value  of  the 
steers  in  each  lot  when  the  experiment  began;  2,  the  cost 
of  the  foodi  fed ;  3,  the  total  outlay ;  4,  the  value  when 
the  experiment  closed,  and  5,  the  profit  made.  The  totals 
in  each  instance  are  also  given. 

TABIiS  XC— Value  and  Profit  Kade  Daring  tha  SKpariment. 


Lotl 

•  Lot  2 

Lots 

Totals 

Valtae  on  December  Tth. 
1896,  when  the  experi- 
ment be^an 

Cost  of  food 

9118.81 
26.71 

$106.88 
28.85 

$108.46 
30.70 

$828.69 
84.76 

Total  cost 

Valne    on    April    17th, 
1897,  when  the  experi- 
ment closed 

$189.02 
200.23 

$186.18 
194.16 

$189.15 
195.81 

$418.35 
689.69 

Profit 

$61.20 

$68.98 

$56.16 

$176.84 

COST  OF  INCREASE. 
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The  average  profit  on  each  steer  in  the  experiment  was 
$19.59.  In  this  computation  no  allowance  is  made  for 
shrink,  nor  should  it  be  unless  the  steers  had  been  made  to 
enter  the  experiment  on  shrank  weights.  But  the  net  indi- 
vidual profit,  given  later,  will  not  of  course  be  so  much, 
since  in  getting  it  the  shrink  must  be  deducted.  While  the 
greatest  profit  arose  from  feeding  the  steers  in  lot  1,  this  did 
not  arise  wholly  from  the  returns  they  made  in  proportion 
to  the  food  fed — the  steers  in  lot  2  made  a  rather  better  re- 
turn for  the  same — ^some  of  it  is  due  to  the  greater  original 
weight  which  they  had  when  they  went  into  the  experiment, 
and  to  the  increased  value  on  that  greater  weight  made  by 
the  feeding.  But  for  the  bad  feeding  quality  of  the  steer  (bj 
however,  the  profit  from  the  steers  in  lot  1  yould  have  been 
considerably  increased. 

Table  XCI.  gives  the  value  of  the  food  fed  during  the  ex- 
periment, the  value  of  the  increase  Yriade,  and  the  profit 
from  the  said  increase. 


TABLB  XCI.— Profit  firom  the  Increase  Made  Baring  the  Bxperlment. 


Lotl 

Lot  3 

Lots 

Totals 


Valtac  of 
Food  Fed 


$26.71 
28.36 
30.70 


$84.76 


Value  of 

Increaoe  in 

Weight 


$32.79 
36.06 
36.31 


$104.16 


Profit  on 

the  Increase 

in  Weight 


$7.08 
7.96 
4.86 


$19.40 


The  profit  thus  made  on  the  increased  weight  was  cer- 
tainly a  handsome  one.  It  was  $2.16  on  each  animal  from 
a  period  of  feeding  which  covered  131  days.  When  snch  a 
result  can  be  obtained,  the  judicious  feeding  of  cattle  cannot 
fail  to  be  greatly  renumerative.  When  cattle  are  being  fat- 
tened in  the  Eastern  States,  the  increase  made  during  the 
fattening  period  usually  costs  considerably  more  than  it  is 
worth,  because  of  the  high  relative  price  of  the  foods  fed. 

Disposal  of  the  Steers. — The  steers  were  sold  to  Peter 
Van  Hoven,  of  New  Brighton,  Minn.    The  price  paid  was 
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$4,621^  per  100  pounds,  with  a  shrink  of  4  per  cent.  They 
were  in  turn  disposed  of  by  Mr.  Van  Hoven  to  the  retail 
trade  of  the  Twin  Cities.  One  chief  object  sought  by  Col. 
W.  M.  Liggett,  the  Director,  in  thus  selling  when  possible  in 
the  home  market,  is  to  disabuse  the  idea,  too  deeply  rooted 
in  the  minds  of  many,  that  the  best  quality  of  meat  must  be 
brought  from  without  the  state.  Until  recent  years  much 
of  the  best  meat  used  in  the  Twin  Cities  was  brought  in 
from  Chicago,  Kansas  City  and  Omaha. 
Fiaaacial  Statement.— Cash  received  for  9 

steers  on  April  17,  1897,  shrunk  weight, 

12,240pound3('($4.62^per  100  pounds  $&66.10 

Value  of  9  steers  on  December  Sth,  1896, 

on  the  basis  of  cost $328.59 

Cost  of  food 84.76 

Total  outlay 413.35 

Total  net  profit $152.75 

Net  profit  on  one  steer 16.97 
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Observations. — 1.  The  food  being  charged  at  market 
values,  was  charged  at  a  rate  at  least  something  over  the 
cost  of  production.  But  too  much  must  not  be  made  of 
this,  since  the  price  of  food  was  low  in  all  the  lines  led. 

2.  The  weighing  of  the  steers  so  frequently  would,  to 
some  extent,  hinder  their  progress,  as  they  were  so  wild  as 
to  resent  such  handling. 

3.  The  daily  calls  of  visitors  would  also  tend  to  hold 
down  the  gains.  Due  allowance  should  be  made  for  this 
disturbing  factor  in  all  experimental  feeding  that  is  thus 
accessible  to  the  public.  Its  influence  in  arresting  progress 
increases  with  the  increasing  wildness  and  nervousness  of 
the  animals  that  are  being  fattened. 

4.  In  response  to  a  request  from  the  Director  the  pur- 
chaser put  a  valuation  upon  the  individual  steers.  The 
values  put  upon  them  were  as  follows :  Nos.  7,  8  and  2 
were  valued  at  5  cents  per  pound;  3,  1  and  6  at  4*14  cents; 
and  5,  4  and  9  at  4  cents.  They  are  placed  in  the  order  of 
finish  and  excellence  which  they  possessed,  and  it  is  worthy 
of  note  that  the  light  fed  steer  (c)  is  given  first  place  in  the 
valuations.  He  was  rather  the  heaviest  steer  in  the  experi- 
ment when  it  began,  and  be  maintained  this  position  not- 
withstanding the  lightness  of  the  ration.  The  steers  placed 
second  and  third  respectively  were  fed  an  intermediate 
ration.  Too  much  however  must  not  be  made  of  this  valu- 
ation in  the  absence  of  block  tests. 
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Values, — 

1.  Value  per  100  pounds  on  the  basis  of  cost  when 

the  experiment  began,  December  8th,  1896 $3.13 

2.  Value  per  100  pounds  on  the  basis  ot  receipts 

April  17th,  1897,  when  the  steers  were  sold 4.62% 

3.  Advance  in  value  per  100  pounds 1.49% 


« 


II 
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Weights, 

1.  Average  weight  of  the  steers  in  lot  1,  when  the      ^**** 
experiment  began,  December  8th,  1896 1,207 

2.  Average  weight  of  the  steers  in  lot  2  at  the  same 

'  date 1,138 

3.  Average  weight  of  the  steers  in  lot  3  at  the  same 

date 1,155 

4.  Average  weight  of  one  steer  in  all  the  lots  at  the 

same  date 1,167 

5.  Average  weight  of  the  steers  in  lot  1  at  the  close 

of  the  feeding,  April  17th,  1897 1,44-3 

6.  Average  weight  of  the  steers  in  lot  2  at  the  same 

date 1,399 

7.  Average  weight  of  the  steers  in  lot  3  at  the  same 

date 1,408 

8.  Average  weight  of  one  steer  in  all  the  lots  at  the 

same  date 1,417 

Increase  in  Weight — 

1.  Total  increase  in  weight  made  by  the  steers  in 

lot  1  during  the  experiment 709 

2.  Total  increase  in  weight  made  by  the  steers  in 

lot  2  during  the  same  period 785 

3.  Total  increase  in  weight  made  by  the  steers  in 

lot  3  during  the  same  period... .* 758 

4.  Average  increase  per  day  made  by  the  steers  in 

lot  1  during  the  experiment 1.81 

5.  Average  increase  per  day  made  by  the  steers  in 

lot  2  during  the  same  period 2.00 

6.  Average  increase  per  day  made  by  the  steers  in 

lot  3  during  the  same  period 1.93 

Food  Consumed.— 

1.  Average  amount  of  meal  consumed  per  day  by 

the  steers  in  lot  1  during  the  experiment 9.08 

2.  Average  amount  of  meal  consumed  by  the  steers 

in  lot  2  during  the  same  period 11.17 


IMPORTANT  FACTS  SUMMARIZED.  503 

« 

3.    Average  amount  of  meal  consumed  by  the  steers       Lb., 
in  lot  3  during  the  same  period 13.09 

Cost  of  Food—  Ccnte 

1.  Average  cost  of  food  per  day  with  the  steers  in 

lot  1 ! .'. 6.54 

2.  Average  cost  of  food  per  day  with  the  steers  in 

lot  2 7.21 

3.  Average  cost  of  food  per  day  with  the  steers  in 

lot  3 ! 7.81 

Cost  of  Increase — 

1.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  lot  1 $3.94? 

2.  Average  cost  of  making  100  pounds  of  increase  ^ 
with  the  steers  in  lot  2 3.69 

3.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  lot  3 4.21 

Increase  in  Value — 

1.  Average  value  of  each  steer  without  shrink  on 
the  basis  of  cost  when  the  experiment  began, 
December  7th,  1896 36.51 

2.  Average  value  of  each  steer  without  shrink  when 

the  experiment  closed.  April  17th,  1897 65.52 

3.  Average  advance  in  value,  from  feeding  for  131 

days 29.01 

ProGt— 

1.  Net  profit  on  the  steers  in  lot  1 53.20 

2.  Net  profit  on  the  steers  in  lot  2 51.21 

3.  Net  profit  on  the  steers  in  lot  3 48.34 

4.  Average  net  profit  on  each  steer 16.97 

5.  Net  profit  on  the  nine  steers  fed 152.75 
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CONCLUSIONS. 

The  following  are  amono^  the  more  important  of  the 
conclusions  that  may  be  drawn  from  this  experiment : 

1.  That  cattle  averaging  about  1200  pounds  when  put 
under  experiment  can  be  brought  to  a  good  finish  and  in  a 
reasonable  time,  on  a  daily  allowance  of  meal  averaging  not 
more  than  nine  pounds  per  day,  with  the  adjuncts  fed  in  this 
experiment,  and  at  a  less  cost  than  if  larger  quantities  of 
meal  were  fed. 

2.  That  cattle  which  are  being  fattened  will  consume 
quantities  of  grain  in  excess  of  those  which  give  the  best 
return  and  without  getting  **oflF  their  feed.*' 

3.  That  twice  in  this  experiment  the  animals  which 
produced  the  most  profit  were  those  which  consumed  the 
largest  relative  quantities  of  hay,  hence  the  relation  between 
the  proportions  of  fodder  and  meal  fed  should  receive  careful 
attention. 

4.  That  since  eattle  that  are  being  fattened  in  the  feed 
lots  of  the  west  are  usually  fed  much  larger  quantities  of 
meal  or  grain  than  were  given  to  the  steers  in  the  experi- 
ment, the  conclusion  would  seem  to  be  legitimate  that  much 
of  the  meal  or  grain  fed  is  worse  than  wasted. 

5.  That  under  the  conditions  of  the  experiment  beef  can 
be  produced  as  low  as  $3.07  per  100  pounds,  and  at  an 
average  cost  of  $3.81  per  100  pounds. 

6.  That  range  steers,  fed  under  what  may  be  termed  av- 
erage farm  conditions,  can  be  made  to  yield  a  substantial 
profit  when  judiciously  bought,  fed  and  sold. 

IMPORTANT  FACTS  SUMMARIZED  FROM  THREE  EXPERIMENTS. 

As  the  experiment  narrated  above  is  the  third  conducted 
during  successive  years  at  our  station,  on  substantially  the 
same  lines,  a  summary  of  the  results  of  the  three  is  now 
given.    The  first  of  these  is  detailed  in  Bulletin  No.  44,  and 
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the  second  and  third  in  this  bulletin.  These  findings  ought 
to  be  much  more  valuable  than  those  obtained  from  a  single 
experiment. 

Values — 

1.  Average  value  per  100  pounds  on  the  basis  of 

cost  when  the  experiment  began $3.44 

2.  Average  price  paid  per  100  pounds  for  the  steers 
when  sold .*      4.66 

3.  Average  advance  in  value  per  100  pounds  be- 
tween the  cost  price  and  the  selling  price 1.22 

Weights — 

1.  Average  weight  of  the  steers  in  lt)ts  1  when  put      ^'^■* 
upon  experiment 1,048 

2.  Average  weight  of  the  steers  in  lots  2  at  the 
same  period 1,045 

3.  Average  weight  of  the  steers  in  lots  3  at  the 
same  period 1,028 

4.  Average  weight  of  all  the  steers  when  put  upon 
experiment 1,040 

Daily  Gains — 

1.  Average  daily  gains  made  by  the  steers  in  lots  1..  1.78 

2.  Average  daily  gains  made  by  the  steers  in  lots  2..  1.86 

3.  Average  daily  gains  made  by  the  steers  in  lots  3..  1.84 

4.  Average  daily  gains  made  by  the  steers  in  all  the 

lots ^ 1.83 

Food  Consumed— 

1.  Average  of  food  consumed  per  day  by  the  steers 

in  lots  1 .' 38.86 

2.  Average  of  food  consumed  per  day  by  the  steers 

in  lots  2 40.74 

3.  Average  of  food  consumed  per  day  by  the  steers 

in  lots  3 , 39.02 

4.  Average  of  food  consumed  per  day  by  the  steers 

in  all  the  lots 39.54 
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Meal  Consumed. — 

1.  Average  amount  of  meal  consumed  per  day  by 

the  steers  in  lots  1 8.23 

2.  Average  amount  of  meal  consumed  per  day  by 
thesteersin  lots  2 10.23 

3.  Average  amount  of  meal  consumed  per  day  by 

the  steers  in  lots  3 12.02 

4.  Average  amount  of  meal  consumed  per  day  by 

the  steers  in  all  the  lots 10.16 

Cost  of  Food. — 

1.  Average  cost  of  food  per  day  for  the  steers  in  ccnt«. 
lotsl '.. 7.57 

2.  Average  cost  of  food  per  day  for  the  steers  in 

lots  2 8.48 

3.  Average  cost  of  food  j)er  day  for  the  steers  in 

lots  3 9.03 

4.  Average  cost  of  food  per  day  by  the  steers  in  all 

the  lots 8.36 

Cost  of  Increase. — 

1.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  lots  1 $4.34 

2.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  lots  2 4.59 

3.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  lots  3 4.92 

4.  Average  cost  of  making  100  pounds  of  increase 

with  the  steers  in  all  the  lots 4.62 

ProGt  Without  Shrink.— 

1.  Average  profit  from  feeding  the  steers  in  lots  1, 
without  shrink $13.70 

2.  Average  profit  from  feeding  the  steers  in  lots  2, 
without  shrink 12.83 

3.  Average  profit  from  feeding  the  steers  in  lots  3, 
without  shrink 11.75 
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4s.  Average  profit  from  feeding  all  the  steers,  with- 
out shrink / $12.76 

C    Aggregate  profit  from  feeding  27  steers,  without 

shrink 344.49 

Net  Profit— 

1.  Average  net  profit  on  each  steer  in  lots  1 11.29 

2.  Average  net  profit  on  each  steer  in  lots  2 10.41 

3.  Average  net  profit  on  each  steer  in  lots  3 9.36 

4»  Average  net  profit  on  each  steer  in  all  the  lots 10.35 

5.  Aggregate  net  profit  on  the  27  steers  fed 279.45 

Observations. —1.  The  average  period  dnring  which  the 
steers  in  the  three  experiments  were  fed  was  140  days.  This 
18  a  longer  time  than  is  customary  to  feed  in  western  feed 
lots^  but  it  is  not  too  long  to  enable  the  feeder  to  put  a  fine 
finish  on  the  animals. 

2.  The  advance  in  value  of  the  cost  price  over  the  sell- 
ing price,  viz.,  $1.22,  was  not  large,  yet  notwithstanding 
j^ood  average  profits  were  realized  as  has  been  shown 
above.  These  were  made  possible  through  the  low  price  of 
the  foods  fed.  With  foods  at  normal  prices  the  buyer  should 
-aim  to  have  $1.50  per  100  pounds  between  the  buying 
price  and  the  selling  price  in  order  to  make  a  sure  and  sub- 
stantial profit. 

8.  The  average  daily  gains  made  by  the  steers  of  the 
several  lots  were  not  far  from  uniform,  notwithstanding  the 
difference  in  the  quantities  of  meal  fed.  But  for  the  poor 
feeding  of  one  of  the  light-fed  steers  in  the  third  experiment, 
the  average  daily  gains  made  by  the  light,  intermediate  and 
heavy-fed  steers  would  have  been  almost  exactly  equal, 
hence,  feeding  meal  beyond  a  certain  proportion  would  not 
aeem  to  give  additional  increase  in  weight. 

4.  The  uniformity  in  the  consumption  of  food,  weight 
considered,  is  also  markedly  noticeable.  It  did  not  vary  on 
^an  average  2  pounds  per  day  with  the  several  lots  taken  to- 
other that  were  fed  different  quantities  of  meal.    In  other 
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words,  the  increase  in  the  quantities  of  meal  fed  did  not 
result  in  a  decrease  in  the  consumption  of  fodder  to  the 
extent  expected. 

5.  The  wonderfully  low  cost  of  the  food  fed  should 
not  be  overlooked.  The  average  cost  of  feeding  one  steer 
per  day  in  the  three  experiments  was  but  8.36  cents.  The 
average  cost  of  feeding  one  steer  in  Ontario  in  three  experi- 
ments conducted  by  the  writer  and  ending  with  1892,  wa& 
17.59  cents,  as  previously  stated  in  Section  No.  1  of  thia 
bulletin.  The  Ontario  steers  were  somewhat  heavier,  but 
the  contrast  in  the  weights  was  not  anything  like  so  great 
as  the  contrast  in  the  daily  cost  of  feeding. 

6.  The  low  cost  of  the  increase  per  100  pounds  is  also 
noteworthy.  With  the  steers  in  all  the  lots  it  was  $4.62» 
while  the  average  price  for  which  it  was  sold  was  $4.66  per 
100  pounds.  During  the  three  years  of  feeding,  therefore^ 
the  cost  of  the  increase  was  less  than  it  sold  for.  In  but  few 
countries  of  the  world  could  this  be  accomplished  with  food 
charged  at  market  values. 

7.  It  will  be  observed  that  the  average  profit  made  ia 
first  stated  without  shrink  being  considered,  and  throughout 
each  experiment  the  profit  is  thus  calculated.  The  reason 
for  so  stating  it  lies  in  the  fact  that  the  steers  entered  the 
experiment  on  unshrunk  weights,  and  to  take  them  out  of 
it  otherwise  would  not  show  in  all  its  features  the  work 
accomplished.  If  the  animals  were  made  to  enter  the  ex- 
periment on  shrunk  weights,  sundry  complications  would 
arise  that  would  render  much  more  complex  the  statement 
of  certain  resultant  facts.  The  net  profit  is  of  course  the 
actual  profit. 

8.  The  net  profit  on  each  of  the  steers  in  lots  1  was 
$1.93  more  than  on  each  of  the  steers  in  lots  3.  It  was 
$1.41  per  animal  more  than  the  average  profit  from  each  of 
the  steers  in  lots  2  and  3  combined,  and  in  each  of  the  three 
experiments  was  the  profit  greatest  on  the  steers  fed  the  light 
meal  ration.    It  is  fair  to  infer  then  that  had  the  steers  in 
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these  lots  been  fed  as  the  steers  in  lots  1,  $25.38  additional 
would  have  been  added  to  the  net. profit  on  the  18  steers  in 
lots  2  and  3.  And  it  should  also  be  borne  in  mind  that  the 
dearer  relatively  the  price  of  grain,  the  greater  will  the  con- 
trast be  between  feeding  meal  or  grain  in  moderate  or  in 
large  quantities. 

9.  The  average  quantity  of  meal  fed  per  day  in  securing 
the  largest  profit  was  only  8.23  pounds.  To  this  must  be 
added  some  corn  which  the  ensilage  contained.  The  average 
amount  of  ensilage  consumed  per  day  throughout  the  feed- 
ing was  a  little  more  than  21  pounds  and  it  contained  a 
moderate  amount  of  corn,  but  how  much  cannot  be  stated. 
In  any  event  it  would  not  increase  the  meal  fed  daily  to 
those  steers  to  very  much  beyond  10  pounds.  The  writer 
cannot  but  conclude,  therefore,  that,  in  western  feed  lots, 
much  grain  is  oftentimes  fed  to  no  purpose,  since  from  25  to 
30  pounds  of  shelled  com  are  frequently  fed  per  day  to  one 
cattle  beast  and  to  one  pig  that  feeds  upon  its  droppings. 
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(     • 


THOMAS  SHAW. 

This  Bulletin  contains  five  experiments.  They  relate  to 
the  following  subjects,  viz.:  1.  Fattening  home-grown 
lambs;  2.  Fattening  home-grown  lambs;  3.  Potatoes 
and  field  roots  as  food  factors»in  fattening  lambs;  4.  Fat- 
tening range  wethers,  and,  5.  Fattening  range  wethers. 
They  were  conducted  during  the  winters  of  1896  and  '97, 
and  '97  and  '98. 


FATTENING  HOME-GROWN  LAMBS. 


SECTION  NO.   1. 


In  the  Autumn  of  1896,  120  lambs  were  put  under  ex- 
periment as  described  in  Bulletin  No.  57,  section  No.  2. 
These  lambs  were  from  the  range  and  they  were  being  fed 
for  the  market.  When  the  experiment  began  in  November 
of  that  year,  a  small  bunch  of  lambs  were  on  hand  that 
had  been  grown  on  the  station  farm.  They  were  well-devel- 
oped lambs  for  their  respective  ages,  but  only  in  store  condi- 
tion. They  were  grown  almost  exclusively  on  summer  for- 
age that  had  been  sown  that  same  season.  During  the 
previous  winter  there  had  been  no  little  controversy  with 
certain  of  the  Twin  City  dealers  as  to  whether  it  were  pos- 
sible to  bring  well-grown  lambs  to  a  high  degree  of  finish 
without  overloading  them  with  fat.  The  writer  had  taken 
the  stand  that  it  was  easily  possible  to  bring  lambs  to  the 
most  perfect  finish  and  yet  have  the  meat  of  the  highest 
quality  for  the  table ;  that  it  was  simply  a  matter  of  judi- 
cious selection  of  foods  and  of  careful  feeding.  Not  a  few  of 
those,  however,  engaged  in  handling  finished  stock  con- 
tended otherwise.  They  claimed  that  very  high  finish  meant 
an  undue  proportion  of  tallow.    It  was  thought  best,  there- 


512  FATTENING  HOME-GROWN  LAMBS. 

fore  to  put  these  lambs  under  experiment  in  the  hope  of 
throwing  some  further  light  upon  this  question.  It  was 
also  thought  that  some  knowledge  would  be  gleaned  by 
feeding  them  simultaneously  with  the  range  lambs.  But 
any  such  comparisons  that  may  be  made  in  the  bulletin 
must  not  be  taken  as  final,  since  the  range  lambs  were  not 
fed  on  exactly  the  same  food  ration. 

Time  Consumed  by  the  Experiment. — The  preparatory 
feeding  began  November  9th,  1896,  and  covered  a  period  of 
14  days.  The  experiment  proper  began  November  23d  and 
ended  March  15th,  1897.  It  thus  covered  a  period  of  112 
days,  or  16  weeks.  The  whole  period  of  feeding  was  126 
days,  or  18  weeks,  an  unusually  long  period  to  occupy  in 
finishing  lambs.  Shortly  after  the  experiment  closed,  the 
lambs  were  disposed  of  as  described  elsewhere. 

Objects  Sought  in  the  Experiment. — Prominent  among 
these  were  the  following:  1,  to  feed  the  lambs  upon  a  diet 
that  would  bring  them  to  a  high  finish  and  that  would  at 
the  same  time  produce  an  excellent  quality  of  meat;  2, 
to  ascertain  the  effect  of  such  a  diet  upon  development 
during  a  prolonged  period  of  feeding,  and,  3,  to  test  the 
suitability  of  lambs  grown  on  summer  forage  other  than 
grass  for  being  fattened.  The  secondary  objects  sought  in- 
formation: 1,  as  to  the  behavior  of  the  lambs  in  compari- 
son with  the  range  lambs  fed  simultaneously,  and,  2,  as  to 
the  monthly  gains  which  the  lambs  would  make,  the  food 
consumed  in  making  these  gains  and  the  cost  of  the  same. 

The  Animals  Used. — Ten  lambs  were  fed,  all  of  which 
were  wethers,  and  all  of  them  were  grown  on  the  farm. 
They  came  to  hand  during  March,  and  they  had  been  grown 
almost  entirely  on  summer  forage  other  than  grdss.  On 
this  forage  they  had  grazed  with  their  dams  fromabQut  May 
1st  until  November  1st.  No  grain  had  been  given  to  them 
or  their  dams  during  the  greater  portion  of  the  season  of 
pasturage.  The  foods  on  which  they  fed  comprised  winter 
rye,  peas  and  oats,  corn,  sorghum,  rape  and  cabbage.    They 
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were  good,  thrifty,  well-developed  lambs.  In  breeding,  they 
were  from  a  pure  Dorset  sire  and  common  grade  ewes.  The 
dams  possessed  considerable  Merino  blood,  but  the  major 
portion  of  them  had  more  or  less  of  Down  blood.  In  form, 
they  were  fairly  blocky  in  type,  but  had  something  of  that 
upstanding  appearance  which  characterizes  the  Dorsets. 
And  in  quality  they  were  good. 

Conditions  Governing  the  Experiment. — The  lambs  were 
fed  under  cover,  but  they  had  access  to  a  yard  at  will,  ex- 
cept in  time  of  storms.  The  shed  room  was  9x12  feet  and 
the  yard  room  18x28  feet.  The  yard  was  on  the  south  side 
of  the  building,  a  matter  of  no  little  importance  in  feeding 
lambs.  They  were  weighed  singly  at  the  commencement  of 
the  experiment  and  every  week  thereafter,  and  water  and 
salt  were  kept  on  hand.  The  yards  were  kept  nicely  bedded, 
an  important  factor  in  feeding  lambs,  though  too  frequently 
neglected. 

Food  and  Feeding, — The  grain  fed  to  the  lambs  was 
composed  of  oats,  bran,  barley  and  oilcake,  in  the  propor- 
tions of  3,  3,  3  and  1  parts  respectively  by  weight.  They 
were  given  native  hay,  and  of  a  poor  quality,  because  of  its 
over-maturity  when  cut  and  over-curing  before  being  stored. 
They  were  also  fed  roots,  consisting  of  m^.ngels  and  carrots. 
The  proportions  of  these  fdd  were  about  equal.  It  will  be 
observed  that  the  ration,  taken  as  a  whole,  might  be  termed 
nitrogenous  rather  than  carbonaceous.  The  grain  was  fed 
unground  and  the  hay  uncut.  The  roots  were  sliced,  and 
were  fed  but  once  a  day.  The  other  food  was  given  in  two 
feeds.  It  was  the  aim  in  feeding  grain  and  hay  to  give  the 
lambs  all  the  food  that  they  would  eat  up  clean,  and  in  feed- 
ing roots  to  give  them  what  may  be  termed  a  liberal 
allowance. 

Estimated  Value  of  the  Food, — The  food  was  charged  at 
the  average  market  values  in  the  state.  These  were  of 
course  only  estimates,  but  they  were  close  approximations 
to  the  actual  prices  paid.    The  values  were  as  follows : 
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Bran,  per  ton $6.50 

Oilcake,  per  ton ..14.00 

Com,  per  bushel  of  56  pounds 18 

Barley,  per  bushel  of  48  pounds 16 

Oats,  per  bushel  of  32  pounds 14 

Native  Hay,  per  ton 3.00 

Roots,  per  bushel  of  50  pounds 04% 

Or,  per  100  pounds 09 

These  valuations  are  not  far  from  the  actual  prices  paid. 
The  hay  cost  the  station  more  than  is  charged  for  it,  but  the 
bran,  on  the  other  hand,  which  is  charged  at  $6.50  per  ton, 
was  bought  at  $4.50  per  ton. 

Food  Consumed, — Table  XCII.  gives  the  aggregate 
amounts  of  the  various  food  factors  consumed  during  the 
experiment  proper,  the  average  amounts  of  the  same,  and 
the  average  amounts  consumed  by  one  animal  per  day. 

TABLB  ZOU.— Food  Oonsumed. 


Grain 

Hay 

Roota 

Totals 


Agifregatcs 

of  Food 

Consumed 


Lbs. 
2,548 
1,038 
2.108 


S,694 


Averages 

of  Pood 

Consnmed 


Lbs. 
254.8 
103.8 
210.8 


S69.4 


ATeragc 

Consnmptlon 

per  AnixuiJ 

per  Day 


Lbs. 

2.28 

.93 

1.88 


6.09 


The  average  of  food  consumed  per  day  by  the  range 
lambs  that  were  being  simultaneously  fed  was  only  2.43 
pounds,  but  no  roots  were  fed  to  them.  This,  along  with 
the  much  smaller  size  of  the  lambs,  largely  accounts  for  the 
diflference.  But  it  does  not  perhaps  wholly  account  for  it. 
The  lambs  in  this  experiment  consumed  relatively  more  hay 
than  the  range  lambs.  With  the  former,  the  consumption  of 
hay  in  proportion  to  that  of  the  grain  was  more  than  40 
percent.;  with  the  latter,  it  was  a  little  less  than  23  per 
cent.  The  explanation  is  problematical,  but  it  would  seem 
to  be  true  that  feeding  upon  roots  inclines  the  animals  to 
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which  they  are  fed  to  consume  more  hay  than  they  other- 
wise would.  If  this  be  true,  the  gain  thus  secured  is  impor- 
tant, as  bulky  foods  are  usually  the  less  costly. 

During  the  preparatory  feeding  the  lambs  consumed  247 
pounds  of  grain,  208  pounds  of  hay,  and  204  pounds  of 
roots,  or  a  total  of  659  pounds.  The  grand  total  of  food 
consumed  during  the  whole  feeding  period  was  6,353 
pounds. 

Value  of  Food  Consumed, — The  cost  of  the  various 
items  of  food  fed  during  the  experiment  proper  was  as 
follows : 

Oats $3.33 

Bran 2.49 

Barley 2.55 

Oil  Cake 1.78 

Total  cost  of  grain $10.15 

Hay 1.56 

Roots 1.90 

Total $13.61 

Here  again  attention  may  be  called  to  the  high  relative 
cost  of  the  grain  portion  of  the  ration,  and  also  to  the  high 
relative  cost  of  the  oats  in  proportion  to  that  of  the  other 
grains.  And  yet  it  is  very  questionable  if  the  results  would 
have  proved  so  satisfactory  without  feeding  some  oats. 

The  value  of  the  food  consumed  in  the  prepara- 
tory feeding  was $1.47 

The    total    value    of    the    food    consumed  in  the 

entire  experiment,  126  days,  was 15.08 

The  value  of  the  food  consumed,  per  animal,  dur- 
ing the  experiment  proper  was 1.36 

The  value  of  the  food  consumed,  per  animal,  dur- 
ing the  entire  experiment  was 1.51 
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Weights  of  the  Lambs. — The  following  is  a  synopsis  of 
the  weights  and  gains  made  by  the  lambs  during  the  ex- 
periment proper,  and  also  during  the  entire  period  of  feeding: 

Aggregate  weights  on  Nov.  9th,  1896,  when  the     ^***- 
preparatory  feeding  began 900 

Aggregate  weights  on  Nov.  23d,  when  the  ex- 
periment proper  began 932 

Aggregate  weights  on  March  16th,    1897,    when 

the  experiment  closed 1,342 

Aggregate  shrunk  weights  on  March  16th,    with 

a  shrink  of  4  per  cent 1,288 

Aggregate    increase    in    weight    from    feeding  for 

112  days,  or  during  the  experiment  proper 410 

Aggregate    increase    in    weight    from    feeding   for 

126  days,  or  during  the  entire  feeding  period 442 

Average  weight  when  the  preparatory  experiment 

began 90 

Average  weight  when  the  experiment  proper  began      93.3 

Average  weight  at  the  close  of  the  feeding  period 134.2 

Average  increase  in  weight  during  the  experiment 

proper  (112  days) 41.0 

Average  increase  in  weight  during  the  entire  period 

of  feeding  (126  days) 44.2 

Average  increase  per  animal  per  month  of  30  days 

during  the  experiment  proper 11.0 

Average  increase  per  month  during  the  entire  feeding 

period 10.5 

Average  increase  per  month  of  range  lambs  led  sim- 
ultaneously for  77  days,  but  on  a  ration  some- 
what different 7.70 

The  gains  thus  made  were  remarkably  good.  But  the 
high  average  of  the  gains  is  even  less  a  feature  of  the  experi- 
ment than  their  continuity.  The  period  of  feeding  was  a 
full  month  longer  than  it  is  usual  to  feed  lambs  when  finish- 
ing them,  and  yet  the  gains  made  during  its  closing  weeks 
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were  quite  as  good  as  those  made  at  any  previous  period  of 
the  feeding.  The  prolonged  character  of  the  good  gains  is 
doubtless  chiefly  due  to  the  somewhat  nitrogenous  character 
of  the  ration  fed,  but  it  was  also  due  to  some  extent  to  the 
inherent  goodness  of  the  lambs.  Mr.  G.  Craig,  the  feeder, 
gave  it  as  his  opinion  that  in  all  his  experience  he  never  fed 
a  lot  of  lambs  which  did  so  well. 

Disposal  of  the  Lambs. — Seven  of  the  ten  lambs  were 
sold  by  Col.  W.  M.  Liggett,  the  director  of  the  station,  to 
E.  M.  Prouty  &  Co.,  of  South  St.  Paul.  Through  the 
wholesale  trade  of  W.  E.  McCormick  they  ultimately  found 
their  way  into  the  retail  markets  of  St.  Paul.  The  price 
paid  for  them  was  $5.50  per  100  pounds,  live  weight,  with 
a  shrink  of  4  per  cent.  The  price  received  for  the  range 
lambs,  fed  simultaneously  and  bought  by  the  same  buyer 
and  at  the  same  time,  was  $4.87%  per  100  pounds.  At  the 
commencement  of  the  feeding  period  the  lambs  were  valued 
at  $3.50  per  100  pounds,  which  was  the  top  price  paid  lor 
stock  lambs  at  the  time.  The  range  lambs  fed  simultane- 
ously were  valued  at  $3.37  on  the  basis  of  cost  when  put 
under  experiment.  The  advance  in  value  on  the  former 
therefore  during  the  feeding  period  was  $2.00  per  100 
pounds,  and  on  the  latter  it  was  $1.50. 

One  of  the  lambs  was  presented  to  the  Commercial  club» 
in  St.  Paul,  and  was  served  at  a  luncheon  given  by  the  club 
at  which  several  of  the  leading  citizens  of  Minnesota  were 
present.  The  testimony  was  unanimous  in  favor  of  the 
high  excellence  of  the  mutton.  Notwithstanding  its  high 
finish,  the  proportion  of  the  lean  to  the  fat  was  unusually 
large,  and  the  blending  or  intermingling  of  the  fat  and  lean 
was  simply  perfect.  The  two  remaining  lambs  were  slaugh- 
tered and  found  their  way  to  the  tables  of  distinguished 
citizens  of  the  state.  To  give  even  a  synopsis  of  the  com- 
pliments paid  to  the  high  character  of  the  meat  from  so 
many  quarters  would  be  tedious.  As  the  lambs  were  dis- 
posed of  at  practically  the  same  time,  in  the  financial  com- 
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putation  they  will  all  be  valued  on  the  basis  of  the   price 
received  for  the  lambs  actually  sold. 

Financial  Statement. — Value  of  10  lambs, 

shrunk  weight  (1,288   pounds),    when 

sold  March  16,  1897,  @  $5.50  per  100 

pounds $70.84 

Value  of  10  lambs  (900  pounds),  when  the 

feeding  began,  November  9th,  1896 $31.50 

Total  cost  of  food 15.08 

Total 46.58 

Total  net  profit $24.26 

Total  net  profit  on  one  lamb 2.43 

Observations. — 1.  The  total  net  profit  from  feeding  the 
range  lambs  simultaneously,  but  for  a  period  of  77  days 
only,  was  but  $0.86  per  lamb.  But  too  much  must  not  be 
made  of  this  comparison,  as  the  home-grown  lambs  were 
fed  on  a  different  ration. 

2.  It  should  be  borne  in  mind  that  the  food  was  charged 
at  market  values,  which  are  usually  in  excess  of  the  cost  of 
production.  To  charge  it  thus,  therefore,  is  against  the 
experiment. 

3.  The  cost  of  bedding,  labor  and  interest  on  the  in- 
vestment are  supposed  to  be  offset  by  the  value  of  the 
manure. 

IMPORTANT  FACTS  SUMMARIZED. 

Value  per  100  pounds — 

1.  Estimated  value  of  the  lambs  per  100  pounds  at 

the  beginning  of  the  feeding  period,  Nov.  9th,  1896.  $3.50 

2.  Value  per  100  pounds  on  the  basis  of  actual  re- 
ceipts when  sold,  March  16th,  1897 5.50 

3.  Advance  per  100  pounds  in  value  during  the  period 

of  feeding 2.00 
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Weights — 

Lba. 

1.  Average  weight  of  each  lamb  when  the  experiment 
began,  Nov.  9th,  1896 90 

2.  Average  weight  of  each  lamb  when  the  experiment 
proper  began,  Nov.  16th,  1896 93.3 

3.  Average  weight  of  each  lamb  at  the  close  of  the 
experiment,  March  16th,  1897 134.2 

Increase  in  Weight — 

1.  Average  increase  in  weight  per  lamb  during  the 
experiment  proper  (112  days) 41.0 

2.  Average  increase  in  weight  per  lamb  during  the 
entire  period  of  feeding  (126  days) 44,2 

3.  Average  increase  per  animal  per  month  of  30  days 
during  theexperiment  proper 11.0 

4.  Average  increase  per  animal  per  month  of  30  days 
during  the  entire  period  of  feeding 10.5 

Food  Consumed— 

1.  Average  amount  of  grain  consumed  per  day  per 

lamb  during  the  experiment  proper 2.28 

2.  Average  amount  of  hay  consumed  per  day  per 
lamb  during  the  experiment  proper 93 

3.  Average  amount  of  roots  consumed  per  day  per 
lamb  during  the  experiment  proper 1.88 

4.  Total  average  amount  of  food  consumed  per  day 

per  lamb  during  the  experiment  proper 5.09 

Cost  of  Increase — 

1 .  Cost  of  making  100  pounds  of  increase  during  the 

experiment  proper  (112  days) $3.32 

2.  Cost  of  making  100  pounds  of  increase  during  the 
whole  period  of  feeding 3.41 

Value  per  Lamb — 

1.  Average  value  of  each  lamb  when  the   feeding 

began,  Nov.  9th,  1896 3.15 

2.  Average  value  of  each  lamb  at  the  close  of  the  ex- 
periment, March  16th,  1897,  on  the  basis  of 
shrunk  weights 7.08 
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3.    Average  advance  of  each  lamb  in  value  during 

the  whole  period  of  feeding $3.93 

ProBt" 

1.  Total  profit  from  feeding  10  lambs  for  126  days...  24.26 

2.  Total  profit  from  feeding  1  lamb  for  126  days 2.43 

CONCLUSIONS. 

1.  That  it  is  possible  to  so  fatten  lambs  that  the  finish 
will  be  of  a  high  order  without  unduly  loading  them  with 
fat. 

2.  That  the  ration  used  in  the  experiment,  viz :  bran, 
oats,  barley  and  oilcake,  in  the  proportion  of  3,  3,  3  and  1 
parts  respectively,  with  hay  and  roots,  is  well  adapted  to 
the  production  of  such  meat. 

3.  That  such  a  diet  is  eminently  adapted  to  the  produc- 
tion of  large  gains,  since  during  the  experiment  proper,  it 
produced  monthly  11  pounds  of  increase. 

4.  That  such  a  ration  is  also  eminently  adapted  to  sus- 
taining the  ratio  of  increase  during  a  long  feeding  period, 
since  the  lambs  gaiiied  about  as  much  during  the  last  part 
of  the  feeding  period  as  during  the  first  part  thereof. 

5.  That  it  is  admirably  adapted  to  the  cheap  produc- 
tion of  mutton,  since  100  pounds  of  increase  was  made 
during  the  entire  period  of  feeding  at  a  cost  of  but  $3.41. 

6.  That  because  of  the  all  round  excellence  of  the  results 
obtained,  the  growing  of  lambs  on  forage  other  than  grass 
pastures,  leaves  them  in  a  fair  condition  for  being  success- 
fully fattened. 
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SECTION    NO.   2. 


THOMAS  SHAW. 

The  lambs  fed  in  this  experiment,  as  described  below, 
were  grown  at  our  station.  It  so  happened  that  they  were 
on  hand  in  the  autumn  of  1897,  when  the  Montana  lambs 
brought  in  from  the  range  were  put  under  experiment.  As 
it  was  necessary  to  fatten  them  before  thev  went  to  the 
market,  it  was  decided  that  this  should  be  done  under  con- 
ditions similar  to  those  under  which  one  of  the  range  lots 
were  fed.  The  comparison,  however,  was  hardly  fair  to  the 
home  grown  lambs.  The  Montana  lambs  were  reasonably 
good  representatives  of  range  lambs,  but  the  home  grown 
lambs  as  described  below,  were  under  the  average  for  lambs  of 
tkat  class.  While  too  much  stress  is  not  to  be  laid  upon  the 
results  of  this  little  experiment,  it  is  hoped  that  some  useful 
facts  may  be  gleaned  from  it. 

Time  Covered  by  the  Expenment-The  experiment  be- 
gan Nov.  15th,  1897,  and  ended  March  7th,  1898,  thus 
covering  a  period  of  112  days.  Five  days  later,  that  is  to 
say,  on  March  12th,  the  lambs  were  sold  and  sent  to  the 
block.  The  whole  period  of  feeding  therefore  covered  117 
days.  They  were  thus  virtually  fed  simultaneously  with  the 
Montana  lambs  as  described  in  Bulletin  No.  57,  section  3, 
and  went  to  the  same  buyer,  the  same  market  and  at  the 
same  date. 

The  Objects  of  the  Experiment  — The  chief  object  sought 
was  to  compare  the  feeding  qualities  of  very  ordinary  home 
grown  lambs  with  lambsof  fair  quality  grown  on  the  range. 
But  other  issues  in  the  comparison  were  also  taken  into  the 
account,  as,  for  instance,  the  increase  in  weight  that  was 
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made,  the  cost  of  food  used  in  making  it,  the  consumption 
of  food  and  the  relative  profit  in  the  transaction. 

The  Animals  Selected, — Nine  lambs  were  used  in  the  ex- 
periment and  with  one  exception  they  were  wethers.  They 
were  the  remnant  of  the  lambs  dropped  at  the  station  in  the 
spring  of  1897,  after  the  best  had  been  sold  early  in  the  sea- 
son or  had  been  selected  later  for  breeding  uses.  To  put  it 
boldly  they  were  the  culls  of  the  flock,  and  yet  they  were 
hardly  deserving  of  such  a  designation,  as  they  were  not 
really  culls,  but  they  were  under  the  average  of  well  grown 
farm  lambs.  Nearlv  all  of  them  were  from  a  Dorset  sire  and 
grade  ewes,  but  some  of  them  were  possessed  of  not  a  little 
of  Down  blood.  Three  of  them  had  fairly  good  mutton 
form,  the  others  were  a  little  rangy,  high  up  from  the 
ground,  and  were  lacking  in  width. 

Conditions  Governing  the  Experiment. — The  lambs  were 
fed  in  an  apartment  of  the  main  sheep  shed  and  had  access  at 
will,  save  in  stormy  weather,  to  a  yard  on  the  south  side  of 
the  shed.  The  dimensions  of  the  apartment  were  9x12  feet, 
and  those  of  the  yard  18x28  feet,  and  both  were  kept  well 
littered.  They  were  weighed  singly  at  the  first  and  every  two 
weeks  thereafter,  and  the  weights  were  duly  recorded.  They 
were  given  all  the  food  of  each  kind  that  they  would  eat  up 
clean  and  with  a  relish,  and  no  more.  Thev  had  access  vir- 
tually  to  water  at  will  during  the  day  and  had  also  access 
to  common  salt.  The  former  was  kept  in  a  pail  in  the  pen, 
and  the  latter  in  a  box. 

Food  and  Feeding, — These  lambs  were  pitted  against 
those  of  lot  2,  described  in  section  3  of  Bulletin  No.  57,  and 
were  therefore  fed  on  the  same  kinds  of  food.  The  grain 
portion  consisted  of  oilcake,  bran,  barley  and  oats.  It  was 
given  in  the  proportions  of  1,  2,  3  and  4  parts  respectively 
by  weight.  The  hay  was  clover  and  timothy,  the  former 
predominating,  and  they  were  also  given  sorghum  ensilage 
daily  from  December  28th,  that  is  to  say,  during  the  last  70 
days  of  the  experiment  proper.    The  food  was  fed  in  two 
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feeds  daily,  morning  and  evening,  except  the  ensilage,  which 
was  given  only  in  the  evening.  The  barley  and  oats  were 
fed  whole,  and  the  hay  was  given  uncut. 

Estimated  Value  of  the  Food. — The  food  was  charged 
at  the  average  market  values  of  the  same  throughout  the 
state  as 'nearly  as  these  could  be  ascertained.  On  this  basis 
the  respective  values  were  as  follows : 

Oilcake,  per  ton $22.00 

Wheat  bran,  per  ton 7.50 

Barley,  per  bushel  of  48  pounds 20 

Oats,  per  bushel  of  32  pounds 17 

Hay,  per  ton i 4.00 

Ensilage,  per  ton ' 1.20 

All  the  food  fed  was  of  very  fair  quality. 

Food  Consumed. — Table  XCIII.  gives  the  total  of  each 
kind  of  food  consumed  by  the  9  lambs  throughout  the  experi- 
ment proper,  and  the  amount  consumed  daily  by  the  same 
and  by  each  lamb  on  an  average. 

TABLE  XOUI.— Food  Gonsiimed. 


nrain 

Hay 

Bnsila^^e. 


Totals 


Total  Pood 
Constiincd 


Lba. 
1,979 
1,101 
40ff 


S,486 


Total  Pood 

Cons-umed 

per  Day 


Lbs. 

IT.e'^ 
9  88 
5.78 


33.J^7 


Total  Pood 

Consnmed 

by  one  Lamb 

per  Day 


Lbs. 

1.96 

1.09 

.64 


3.69 


The  range  lambs  fed  under  similar  conditions  consumed 
daily  the  following  amounts  of  food : 

Lbs. 

Grain ' 1.86 

Hay 83 

Ensilage 55 

Total 3.24 
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To  make  the  consumption  of  food  equal  in  the  two  lots 
pitted  against  each  other,  the  range  lambs  must  needs  have 
eaten  3,16  pounds  daily.  The  home-bred  lambs  therefore 
consumed  less  food  in  proportion  to  their  live  weight,  not- 
withstanding their  greater  age. 

Cost  of  Food  Consumed. — The  food  fed  during*  the  ex- 
periment proper  cost  as  follows : 

Grain $10.34 

Hay 2.20 

Ensilage 24 

Total $12.78 

The  average  cost  of  the  food  fed  to  each  lamb,  therefore, 
was  $1.42,  while  the  average  cost  of  the  same  fed  to  each 
range  lamb  w^as  $1.30. 

Weights  of  the  Lambs. — Table  XCIV.  gives  the  aggre- 
gate and  average  weights  of  the  lambs  at  the  beginning  of 
the  experiment,  Nov.  15th,  1897;  at  its  close,  March  7th, 
1898 ;  at  the  date  of  sale,  March  12th,  and  also  the  shrunk 
weights  at  the  date  of  sale. 

TABIiB  XOrV.— WelfirlitB  of  the  Lamba. 


Weight  on  November  16th.  1807, 

Weight  OQ  March  7th.  1898 

Weiffht  on  March  12th 

Weight  (shrunk)  on  March  12th 


Avrrasre 

Weight 


Lbs. 
72.R 
107  <4 
lll.l 
105.6 


The  amount  of  shrinkage  called  for  when  the  lambs 
were  sold  was  five  per  cent. 

Gains  Made  During  the  Experiment. — The  total  increase 
in  weight  made  by  the  lambs  during  the  experiment  proper 
was  314  pounds.  The  average  increase  was  34.9  pounds 
against  35.3  pounds  made  by  the  range  lambs.  The  aver- 
age increase  per  month  of  30  days  was  9.3  pounds  against 
9.5  pounds  made  by  the  range  lambs,  and  it  will  be  observed 
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that  these  greater  relative  gains  made  by  the  latter  were 
obtained  from  a  less  quantity  of  food.  This  may  of  conrse 
be  in  part  acconnted  for  by  the  younger  age  of  the  range 
lambs.  The  cost  of  making  100  pounds  of  increase  in< 
weight  during  the  experiment  proper  was  $4.07  against 
$3.67  for  the  range  lambs. 

Financial  Results— kt  the  beginning  of  the  experiment 
the  lambs  were  valued  at  $3.41  per  100  pounds.  This  value 
was  fixed  on  the  basis  of  the  actual  cost  of  the  range  lambs 
against  which  they  were  pitted  in  the  experiment.  They 
were  sold  to  P.  Van  Hoven,  of  New  Brighton,  Minn.,  who 
also  bought  the  range  lambs.  The  price  paid  for  both  lots 
was  the  same,  viz.,  $5.50  per  100  pounds  shrunk  weight. 

The  following  is  a  summary  of  the  financial  results : 

Value  of  the  lambs  at  the  beginning  of  the 

experiment $22.27 

Value  of  the  food  fed 13.50 

Total 35.77 

Price  received  for  the  lambs  when  sold 52.25 

Total  net  profit 16.48 

Average  net  profit  on  each  lamb 1.83 

Average  profit  on  each  range  lamb 1.55 

The  home  bred  lambs  therefore  gave  a  net  profit  of  28 
cents  per  lamb  greater  than  the  range  lambs  similarly  fed. 
This  may  seem  strange  when  it  is  remembered  that  the  range 
lambs  made  a  somewhat  better  average  increase  in  weight. 
The  explanation  is  found  in  the  greater  weight  of  the  home- 
bred lambs  at  the  beginning  of  the  experiment,  and  the  in- 
crease in  value  put  upon  the  original  weight  by  fattening  the 
lambs.  And  this  result  is  probably  the  most  important  fact 
to  be  emphasized  in  the  bulletin. 

The  value  of  the  manure  is  supposed  to  offset  the  cost  of 
labor  and  of  the  bedding  used,  and  also  the  interest  on  the 
investment.    Whether  this  estimate  is  unduly  favorable  to 
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the  experiment  must  be  judged  by  each  mdiTidual  in  the 
light  of  his  own  conditions.  And  it  ought  to  be  remembered 
that  the  food  fed  was  charged  at  average  market  Talnes. 
These  valnes  are  un&Torable  to  the  experiment  since  they 
are  usually  in  excess  of  the  cost  of  growing  foods.  Such 
cost  would  be  the  proper  basis  for  valuing  the  same  when 
finl  upon  the  farm. 

IMPORTANT    FACTS    SUMMARIZED. 

This  summary  is  intended  to  bring  out  in  dear  and  con- 
cise form  the  essential  points  of  contrast  in* the  bdiavior 
of  the  home-bred  and  range  lambs  respectively  pitted 
against  each  other  in  the  experiment. 

Food  Consumed— 

Hoaic4ncd  Ranee 

Lbs.  L.l». 

Total  food  consumed  per  day 3.69  3.24* 

We^bts — 

Average  \eeight  at  the  beginning  of  the 

experiment 72.5  61.2 

Average  weight  at  the  close  of  the  experi- 
ment  107.4.  98.2 

Average  increase  in  weight,  112  days 34.9  35.3 

Average  increase  in  weight  per  month 9.3  9.5 

Cost— 

The  cost  of  making  100  pounds  of  in- 
crease    S4.07         $3.67 

Values — 

Yalue  per  100  pounds  at  the  beginning  of 

the  experiment 4bAl  4.41 

Value  per  100  pounds  at  the  dose  of  the 

experiment 5.50  5.50 

Proht— 

Total  net  profit  per  lamb 1.83  1.55 


POTATOES  AND  FIELD  ROOTS  AS  FOOD  FACTORS 

IN  FATTENING  LAMBS. 


SECTION   NO.  3. 


THOMAS    SHAW. 

Many  sections  of  Minnesota  are  peculiarly  adapted  to 
the  growth  of  potatoes.  In  some  seasons  of  the  past  the 
crop  grown  has  been  so  immense  that  if  sold  at  all  it  must 
needs  be  sold  at  a  very  low  price.  Such  was  the  crop  of 
1895.  During  that  year  acres  and  acres  of  potatoes  were 
left  undug  because  the  growers  could  not  obtain  for  them  a 
price  that  would  pay  for  the  cost  of  handling,  and  in  many 
instances  they  had  no  live  stock  to  feed  them  to.  Others 
who  had  some  live  stock  were  enabled  to  feed  a  certain  per- 
centage of  the  crop.  The  attention  of  some  of  the  farmers 
was  therefore  called  to  the  feeding  value  of  potatoes.  In 
certain  portions  of  the  state,  mangels  also  and  sugar  beets 
can  be  grown  in  excellent  form.  It  was  thought  best,  there* 
fore,  to  undertake  some  experimental  work  with  a  view  to 
throw  some  light  as  to  the  merits  of  potatoes  and  field 
roots  respectively  in  feeding  lambs. 

Time  Covered  by  the  Experiment. — The  preparatory  ex- 
periment began  November  15th,  and  covered  a  period  of 
seven  days.  The  experiment  proper  began  November  22d 
and  ended  Feb.  28th.  It  therefore  covered  a  period  of  98 
days,  or  14*  weeks;  and  the  subsequent  feeding  continued 
until  March  12th  following,  when  the  lambs  were  sent 
to  the  block.  The  whole  period  of  feeding  therefore  cov- 
ered 117  days.  The  lambs  were  sold  to  Mr.  P.  Van  Hoven, 
of  Minneapolis,  and  were  finally  disposed  of  in  the  retail 
markets  of  the  Twin  Cities. 

Objects  Sought  in  the  Experiment. — The  following  are 
chief  among  the  objects  sought  in  the  experiment:    1,  to 
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ascertain  the  valae  of  potatoes,  mangels  and  sugar  beets 
respectiYely  as  food  factors  in  fattening  lambs,  and,  2,  to 
ascertain  the  outcome  from  feeding  very  ordinary  range 
lambs  under  what  may  be  termed  high  pressure  feeding. 
Among  the  secondary  obejcts  were  the  following,  viz.:  To 
ascertain,  1,  the  respective  amounts  of  the  food  fed  con- 
sumed daily  by  such  lambs;  2,  the  gains  made  by  them, 
and,  3,  the  cost  of  such  gains. 

The  Animals  Used. — ^The  lambs  used  in  the  experiment 
formed  part  of  a  carload  bought  from  Wm.  B.  Shaw,  mana- 
ger of  Prospect  Ranch,  Culbertson,  Montana.  They  were 
virtually  the  least  valuable  of  a  lot  of  300  shipped  down 
from  the  said  ranch  after  a  first  choice  of  120  had  been 
taken  from  the  lot  for  experimental  feeding,  and  after  a 
second  choice  of  100  had  been  sold.  They  were  the  culls  of 
the  lot,  and  yet  it  would  be  hardly  fair  to  call  them  culls  as, 
though  small  and  rather  thin,  they  had  considerable  breed- 
ing in  them.  The  sires  were  Oxford  Downs  and  the  dams 
grade  Merinos,  from  which  the  majorportionof  the  wrinkles 
had  been  removed.  As  a  matter  of  course,  however,  they 
had  not  the  plump  bodies  of  the  lambs  previously  taken 
from  the  lot,  nor  had  they  so  good  a  spring  of  rib. 

Conditions  Governing  the  Experiment. — ^The  lambs  used 
in  the  experiment  numbered  36  head.  They  were  divided 
into  three  lots  of  12  each.  Those  to  which  the  potatoes 
were  fed  will  be  spoken  of  as  lot  No.  1 ;  the  lambs  to  which 
the  mangels  were  fed  will  be  spoken  of  as  lot  No.  2,  and 
those  to  which  the  sugar  beets  were  fed  as  lot  No.  3.  They 
w^ere  fed  in  three  separate  apartments  of  the  piggery  ad- 
jacent to  each  other.  These  were  each  Sxll  feet,  and  they 
opened  by  means  of  small  doors  into  yards  8x20  feet  each. 
The  yards  were  located  very  favorably  as  they  were  on  the 
sunny  side  of  the  building.  It  was  a  real  pleasure  to  see  the 
little  fellows  lying  in  the  sunshine  chewing  the  cud  of  con- 
tentment in  the  cold  days  of  winter. 
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Thej  were  weighed  when  the  experiment  began  and 
every  two  weeks  thereafter.  They  had  accesss  to  water  and 
salt  at  will,  as  both  were  kept  on  hand  in  the  pens. 

Food  and  Feeding. — ^The  grain  portion  given  to  the 
lambs  consisted  of  corn,  barley  and  oilcake,  fed  in  eqnal 
parts  by  weight.  The  hay  consisted  of  clover  and  timothy, 
clover  predominating.  The  grain  and  hay  fed  to  the  lambs 
in  each  lot  were  the  same  in  kind,  and,  as  previously  inti- 
mated, potatoes  were  fed  to  the  lambs  in  lot  1,  mangels  to 
those  in  lot  2,  and  sugar  beets  to  those  in  lot  3.  The  grain 
was  not  ground  nor  was  the  hay  cut,  and  the  potatoes  and 
roots  were  sliced  before  being  fed.  The  grain  and  roots 
were  fed  together,  and  each  kind  of  food  was  fed  twice  a 
day,  that  is  to  say,  in  the  morning  and  in  the  evening.  They 
were  gradually  led  up  to  a  full  ration,  and  were  then  given 
all  the  food  they  would  eat  up  clean  of  each  kind. 

Estimated  Value  of  the  Food, — The  food  was  estimated 
at  the  average  market  values  for  the  same  in  the  state. 
These  were  as  follows : 

Hay,  per  ton $4.00 

Oilcake,  per  ton 22.00 

Com,  per  bushel  of  56  pounds 22 

Barley,  per  bushel  of  48  pounds 20 

Potatoes,  per  bushel  of  60  pounds 20 

Mangels,  per  bushel  of  50  pounds 05 

Sugar  beets,  per  bushel  of  50  pounds 05% 

In  other  words,  the  potatoes  were  valued  at  33  cents 
per  100  pounds,  mangels  at  10  cents  and  sugar  beets  at  11 
cents. 

-Fooc?  Consumed. — Table  XCY.  gives  the  amounts  of 
grain,  hay  and  roots,  respectively,  consumed  by  the  lambs 
during  the  98  days  of  the  experiment  proper. 
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TABIiB  ZOV.— Food  Ooiuraiiied. 


Grain. 

Hay. 

Roots. 

Totals. 

Lot  1 

Lrbs. 
1,705 
1,701 
1,745 

Lrbs. 
956 
956 
959 

Lbs. 
1,484 
1,468 
1,488 

Lbs. 
4.145 

I^t  3 

4.120 

Lot  8 

4,192 

Total! 

5,151 

2,871 

4,485 

12,457 

The  evenness  in  the  consumption  of  food  by  the  lambs 
of  the  different  lots  is  very  marked.  In  the  totals,  the  ex- 
treme of  difference  is  only  72  pounds.  The  lambs  in  lot  3 
consumed  a  little  more  grain  than  the  lambs  in  the  other 
lots,  but  in  the  items  of  hay  and  roots  they  were  virtually 
the  same. 

The  totals  of  food  consumed  daily  by  the  lambs  in  the 
different  groups  was  as  follows: 

Lbs. 

Lotl 3.52 

Lot  2 3.52 

Lot  3 3.57 

Average 3.54 

As  far  as  food  conditions  are  concerned,  it  would  be 
scarcely  possible  to  get  them  more  even  throughout  an  ex- 
periment than  in  the  present  instance. 

Value  of  Food  Consumed.— Table  XCVI.  gives  the  re- 
spective values  of  the  food  consumed  during  the  experiment 
proper,  and  the  total  value  of  the  same. 

TABLB  XGVI.— Value  of  Food  Ooiuiamed. 


Grain. 

Hay. 

Roots. 

Totals. 

Lot  1 

$10.85 
10.88 
11.11 

$1.91 
1.91 
1.91 

$4.95 
1.46 
1.64 

$17.71 

Lot  2 

34.20 

Lot  S 

14.66 

Totiils 

$32.79 

$6.73 

$8.05 

$46.67 

PROFITS  MADE. 
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It  will  be  observed  that  the  cost  of  food  was  consider- 
ably more  with  the  lambs  of  lot  1  than  with  those  of  the 
other  lots,  and  it  was  almost  entirely  owing  to  the  greater 
cost  of  the  potatoes  as  compared  with  the  other  roots. 
The  difference  amounted  to  $3.51  as  compared  with  the 
mangels  and  $3.05  as  compared  with  the  sugar  beets. 

Pro£ts  Made  During  the  Experiment  Proper, — Table 
XCVII.  gives,  1,  the  value  of  the  lambs  of  each  lot  at  the 
commencement  of  the  experiment  proper;  2,  the  cost  of 
the  food  fed  during  the  same;  3,  the  total  value  of  the 
lambs,  and,  4,  the  total  profit  made  during  the  98  days  of 
the  experiment. 

TABUS  XOVZI.— Profit  Kade. 


1 

I^otl. 

Lot  2. 

Lots. 

Totals. 

Value  on  Nov.  22, 1897. 
Cost  of  food 

$20.27 
17.71 

$20.37 
14.20 

$20.27 
14.66 

$60.91 
46.87 

Total  cott 

$87.98 
48.26 

$84.67 
47.40 

$34.98 
49.76 

$107.48 

Value  on  Feb.  28, 1898. 

146.40 

Profit 

$10.27 

$12.83 

$14.82 

$37.92 

In  the  above  computation  the  value  put  upon  the  lambs 
was  the  actual  cost,  less  25  cents  per  100  pounds  than  the 
price  paid  for  the  whole  car  load  when  bought.  This  deduc- 
tion was  made  because  the  lambs  used  in  the  experiment 
were  inferior  to  the  average  of  those  purchased.  The  value 
of  the  lambs  therefore,  when  the  experiment  proper  began, 
was  made  up  of  the  following  items,  viz:  1,  the  sum  paid 
for  the  lambs  in  Montana  on  the  basis  of  weights,  less  the 
deduction  stated  above;  2,  the  costoffreight  calculated  on 
the  basis  of  weights;  and,  3,  the  cost  of  pasture  and  of  food 
prior  to  the  commencement  of  the  experiment  proper.  The 
average  weight  of  each  lamb  when  bought  was  49.6  pounds. 
The  estimated  price  in  Montana  was  $2.75  per  100  pounds, 
hence  the  average  value  per  lamb  was  $1.36.  The  average 
cost  of  freight  was  21  cents  per  lamb.  The  cost  of  pasture 
was  5  cents,  and  the  cost  of  the  other  food  7^  cents  per  lamb- 
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The  average  cost  of  each  lamb,  therefore,  when  the  experi- 
ment proper  began,  was  $1 .69^.  The  average  cost  per  100 
pounds  was  $3.34.  At  the  dose  of  the  experiment  the  lambs 
were  valued  at  $5.00  per  100  pounds,  which  was  the  price 
actually  paid  for  them  on  March  12th,  a  few  days  subse- 
quent to  the  close  of  the  experiment. 

The  total  average  profit  made  on  one  lamb  in  the  re- 
spective lots  during  the  experiment  proper  was  as  follows: 

On  each  lamb  in  lot  1 $0.86 

On  each  lamb  in  lot  2.... 1.07 

On  each  lamb  in  lot  3 1.24 

Average  on  each  lamb $1.06. 

In  this  computation  shrunk  weights  were  of  course  not 
considered.  It  will  also  be  noticed,  first,  that  the  less  profit 
made  on  the  lambs  in  lot  1  arose  not  fi-om  a  lack  of  increase 
in  weight,  but  rather  from  thegreater  relative  cost  of  the 
potatoes  as  compared  with  the  other  roots  fed ;  and  second, 
that  the  greater  profit  made  on  the  lambs  in  lot  3,  as  com- 
pared with  those  in  lot  2,  arose  from  the  superior  gains 
which  they  made,  as  will  be  shown  later. 

Weights  of  the  Lambs. — Table  XCVIII.  gives  the  ag- 
gregate weights  of  the  lambs  in  each  lot  at  the  beginning  of 
the  preparatory  experiment ;  at  the  beginning  of  the  experi- 
ment proper;  at  the  close  of  the  same;  and  at  the  date  of 
shipment,  with  the  totals  in  each  instance. 

TABIiE  ZOym.— A«8TeffAte  Wei^hta. 


Lotl. 

Lota. 

Lots. 

Totals. 

Wciffhta  on  Nor.  16,  '07 

Weigbta  on  Not.  22 

Weights  on  Feb.  28.  '08 
Weights  on  March  12.... 

Lbs. 
505 
607 
065 
000 

Lb«. 
607 
610 
048 
065 

Lbs. 

605 

607 

005 

1,010 

Lbs. 
1,787 
1.82* 
2,008 
3,065 

The  evenness  of  the  weights  at  the  beginning  of  the  ex- 
periment is  a  noticeable  feature.    This  fact  linked  with  the 


AVERAGE  WEIGHTS  AND  GAINS. 


633 


nearly  equal  consumption  of  food  should  add  to  the  value 
of  the  experiment. 

Table  XCIX.  gives  the  average  weight  of  the  lambs  in 
each  lot  when  the  preparatory  experiment  began ;  when  the 
experiment  proper  began  and  closed ;  and  the  average  total 
increase  in  weight  made  by  the  lambs  in  each  lot  during  the 
whole  period  of  feeding. 

TABUB  ZOIX.— Av«rag«  Weiffhte  and  Aventffe  ONdxis. 


Lotl 
I.ot2 
Lots 


On  Not.  15, 
1897. 


Lbs. 
49.6 
49.8 
49.6 


On  Not.  22. 


Lbs. 
60.6 
60.8 
50.6 


On  Feb.  28, 
1898. 


Lbs. 
80.4 
79.0 
82.9 


On  March 
12. 


Lbs. 
82.6 
80.4 
84.2 


ATerage 
Gain. 


Lbs. 
82.9 
30.6 
34.6 


The  average  gain  per  month  for  the  lambs  during  the 
experiment  proper  was  9.2  pounds  and  during  the  whole 
period  of  feeding  it  was  8.4  pounds.  The  feeding  value  of 
potatoes  as  a  factor  in  fattening  lambs  is  well  sustained  in 
this  experiment,  as,  though  the  gains  were  a  little  behind 
those  obtained  from  the  sugar  beets,  they  were  ahead  of 
those  obtained  from  feeding  the  mangels. 

The  average  cost  of  making  100  pounds  of  gain  during 
the  experiment  proper  with  the  lambs  of  the  different  lots, 
was  as  follows : 

Lotl '. $4.94 

Lot  2 4.20 

Lot  3 3.78 

Average $4.31 

The  average  gain  per  month  made  by  the  lambs  during 
the  experiment  proper  was  9.2  pounds,  against  9.07  pounds 
made  by  superior  lambs  of  the  same  shipment  as  described  in 
Bulletin  No.  57»  section  3.  The  explanation  is  probably  found 
in  the  free  use  made  of  roots  and  oilcake  in  the  ration  fed 
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to  the  former.  But  the  greater  cost  of  the  ration  most  not 
be  lost  sight  of.  While,  with  the  former  it  cost  $4.33  to  make 
an  increase  of  100  pounds  in  weight,  with  the  latter  it  cost 
only  $3.78.  The  added  cost  was  chiefly  owing  to  the  large 
amount  of  oil-cake  fed  to  the  lambs  in  the  present  experi- 
ment. 

Pro£t  on  Increase  in  Weight  Daring  the  Experiment 
Proper, — Table  C.  gives  the  cost  of  food  fed  to  the  lambs  of 
each  lot  during  the  experiment  proper,  the  value  of  the  in- 
crease in  weight  and  the  profit  on  the  said  increase. 

TABLB  C.—ProAt  o&  Tncy—  in  Weight  Ihixinc^  the  Szperiment  Prcq^er. 


Cost  of 
Pood  Fed. 


Value  of  Profit  on 

Increase  in   -the  Increased 

Weight.  lR'ei«lit. 


L,ot  1 ^ $17.71         ;       $17.90 


I*ot  2 ^ 14.20 

Lot  3.... 14.66 


16.90 
19.40 


$0.10 
2.70 

4.74 


In  this  experiment  also,  the  profit  on  the  increased 
weight  is  considerable,  a  result  which  cannot  be  attained 
where  the  prices  of  food  are  relatively  dear.  The  high  price 
of  the  oil  cake  and  potatoes  combined  almost  wiped  out  the 
entire  profit  on  the  increased  gain  with  the  lambs  in  lot  1. 

On  February  25,  one  lamb  in  lot  2  died.  Death  was 
caused  by  some  urinal  trouble,  but  whether  this  arose  fi-om 
feeding  mangels  was  not  clear.  This  lamb  was  the  next 
day  replaced  by  another  of  equal  weight.  No  disturbance 
therefore  was  caused  in  the  weights  by  the  death  of  the 
lamb,  but,  as  noted  below,  his  value  is  deducted  in  the  final 
reckoning.  The  shrunk  weight  of  this  lamb  was  85.5 
pounds,  and  his  value  was  $4.28.  His  pelt  was  sold  for 
50  cents.  The  lambs  were  sold  for  5  cents  per  pound,  with 
a  shrink  of  5  per  cent.  The  aggregate  shrunk  weight  was 
2,816.7  pounds. 

Financial  Statement. — ^A  summary  of  the  facts  relating 
to  the  financial  side  of  the  whole  transaction  is  now  sub- 
mitted: 
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Cash  return  for  36  lambs  delivered  at  New 
Brighton,  Minn.,  less  the   value  of  the 

lamb  that  died $137.06 

Value  of  36  lambs  in  Montana $48.96 

Freight 7.56 

Pasture 1.80 

Food 53.19 

Total  outlay 111.51 

Total  net  profit $25.55 

Average  net  profit .71 

Observations, — The  following  observations  will  now  be 
in  order : 

1.  The  value  of  the  lamb  that  died  is  not  only  charged 
against  the  experiment,  but  also  the  value  of  the  food  which 
he  ate.  Deducting  the  value  of  this  food  would  make  the 
net  profit  per  lamb  74  cents. 

2.  The  value  of  the  manure  is  supposed  to  offset  the 
bedding,  labor  and  interest  on  money  invested. 

3.  The  food  fed  is  charged  at  average  market  values, 
which  are  considei<ably  in  excess  of  the  home  values  for  the 
same. 

4.  The  profit  on  the  superior  lambs  fed  simultaneously, 
as  described  in  Bulletin  No.  57,  section  3,  was  $1.49  per 
head.  This  greater  profit  is  chiefly  to  be  accounted  for  in 
the  cheaper  foods  fed  to  the  former,  and  in  the  advance  of 
50  cents  per  hundred  for  which  they  were  sold.  Had  the 
latter  been  sold  for  $5.50  per  hundred  as  the  former  were, 
they  would  have  netted  a  profit  of  $1.10  per  head  instead 
of  71  cents. 

IMPORTANT    FACTS    SUMMARIZED. 

Values — 

1.  Price  allowed  per  hundred  for  the  lambs  in  Mon- 
tana     $2.75 

2.  Value  per  hundred  when  the  preparatory  experi- 
ment began,  November  15th,  1897 3.26 
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3.  Value  per  hundred  when  the  experiment  proper 
began,  November  22d $3.34 

4.  Value  per  hundred,  shrunk  weight,  when  the 
lambs  were  sent  to  the  block,  March  12th,  1898.      5.00 

5.  DifiFerence  per  hundred  between  the  cost  price, 
November  15th,  1897,  and  the  selling  price, 
March  12th,  1898 1.74 

Freights — 

1.  Cost  of  freight  on  each  lamb  in  the  shipment  of 
299  lambs  from  Montana,  computed  on  the  basis 

of  weights 23.3 

2.  Cost  of  freight  on  each  lamb  in  the  experiment, 
computed  on  the  basis  of  weights 21. 

3.  Cost  of  freight  on  a  double-deck  car  from  Cul- 
bertson,  Montana,  to  St.  Paul,  702  miles,  with  a 
cargo  of  25  wether  and  299  lambs 82.10 

Weights-- 

1.  Average  weight  of  299  lambs  bought  in  Mon-        ^^•• 
tana  on  reaching  the  station 55.5 

2.  Average  weight  of  36  lambs  used  in  the  experi- 
ment on  reaching  the  station 49.6 

3.  Average  weight  at  the  close  of  the  experiment 
proper,  February  28th,  without  shrink 80.8 

4.  Average  weight  when  sent  to  the  block,  March 
12th,  with  a  shrink  of  5  per  cent 78.2 

Increase  in  Weight — 

1.  Average  increase  in  the  weight  of  each  lamb  dur- 
ing the  experiment  proper 32.7 

2.  Average  increase  per  month  .during  the  experi- 
ment proper 9.2 

3.  Average  increase  per  month  during  the  entire 
feeding  period 8.4 

Food  Consumed— 

1.    Average  amount  of  food  consumed  per  day  by 

each  lamb  during  the  experiment  proper 3.54 
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2.  Average  amount  of  grain  consumed  per  day  by       Lba. 
each  lamb  during  the  experiment  proper 1.46 

3.  Average  amount  of  hay  consumed 81 

4.  Average  amount  of  roots  consumed 1.26 

Cost  of  Increase— 

1.  Average  cost  of  making  100  pounds  of  increase 

in  weight  during  the  experiment  proper $4.33 

2.  Average  cost  of  making  100  pounds  of  increase 
during  the  whole  period  of  feeding 4.51 

ProBts— 

1.  Average  value  of  each  lamb  (36)  at  the  begin- 
ning of  the  experiment,  November  15th,  1897 1.62 

2.  Average  value  of  each  lamb  (35)  at  the  close  of 

the  experiment,  March  12th,  1898 3.91 

3.  Average  advance  in  value  over  the  cost  made  by 

each  lamb  during  the  entire  feeding  period 2.29 

4.  Total  net  profit  from  feeding  36  lambs 25.55 

5.  The  total  net  profit  from  feeding  one  lamb 71 

CONCLUSIONS. 

The  following  include  the  more  important  of  the  deduc- 
tions based  upon  the  results  of  this  experiment. 

1.  That  lambs  of  but  indifierent  development  may  be 
fed  at  a  substantial  profit  with  food  and  meat  at  the  values 
named  in  this  experiment. 

2.  That,  in  feeding  lambs,  potatoes  compare  favorably 
with  mangels  and  sugar  beets  in  producing  increase  in 
weight,  but  they  are  more  costly  food  than  the  roots  named. 

3.  That  because  of  the  greater  cost  of  potatoes  as  com- 
pared with  mangels  and  sugar  beets,  they  should  not  be 
grown  as  food  for  lambs  where  the  latter  can  be  grown 
successfully. 

4.  That  judging  by  the  results  obtained  in  this  one  ex- 
periment, sugar  beets  are  a  more  valuable  food  for  fattening 
lambs  than  either  potatoes  or  mangels. 
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SECTION  XO.  4. 


THOMAS  SHAW. 

Prior  to  1893  It  was  not  customary  to  ship  lambs  from 
the  ranges  to  the  Eastern  markets  unless  where  the  pastures 
had  been  overstocked.  The  fleece  was  considered  of  too 
much  value  relatively  to  justify  such  shipments.  Sheep  were 
usually  retained  on  the  range  until  matured.  In  some  in- 
stances wethers  were  not  shipped  eastward  until  four  years 
old,  as  a  result  of  this  mode  of  managing  range  stocks,  the 
animals  sent  to  the  feed  lots  were  fall  grown  wethers  and  old 
ewes,  but  after  the  great  drop  in  wool  in  1893,  the  mutton 
feature  of  the  business  began  to  assume  a  relative  import- 
ance which  it  had  never  previously  possessed.  This,  along 
with  the  depression  in  the  wool  trade,  led  to  the  wholesale 
shipment  of  lambs,  many  of  which  were  also  brought  up 
for  tbe  feed  lots.  In  consequence  of  this  change,  the  question 
naturally  became  prominent  as  to  whether  the  feeding  of 
lambs  or  wethers  was  the  more  profitable.  Feeders  were 
divided  in  their  opinions,  some  of  them  argued  that  because 
of  the  greater  weight  of  wethers  at  the  time  of  pandiase 
more  money  would  be  made  on  them  through  the  advance 
in  value  on  the  purchase  price  per  pound.  Those  who  held 
this  view  had  an  extensive  following,  others  contended  that 
the  lambs  would  make  gains  more  cheaply,  and  that  the 
advance  on  the  purchase  price  per  pound  would  also  be 
greater.  The  writer  held  the  latter  view,  and  to  throw 
more  light  upon  it  the  experiment  was  undertaken,  the 
details  of  which  are  given  in  this  bulletin. 

Time  Covered  by  the  Experiment. — The  preparatory 
feeding  began  November  10th,  1896,  and  lasted  for  six  days. 
The  experiment  proper  began  November  16th  and  lasted 
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until  February  8th,  1897,  thus  covering  a  period  of  84  days. 
The  whole  period  of  experimental  feeding  therefore  continued 
for  91  days.  The  wethers  were  not  marketed  until  March 
24th  following,  but  the  experimental  feeding  ceased  on  the 
date  mentioned,  that  a  proper  comparison  could  be  instituted 
between  them  and  the  lambs  that  were  fed  simultaneously. 
The  experimental  feeding  of  the  lambs  also  terminated  on 
February  8th. 

Objects  Sought  in  the  Experiment.— Tht  following  are 
chief  among  the  objects  sought:  1,  to  determine  the  re- 
sults from  feeding  range  wethers  in  a  contest  with  range 
lambs  fed  on  similar  foods  and  under  similar  conditions; 
and,  2,  to  ascertain  the  relative  profit  from  such  feeding. 
Among  the  secondary  objects  weie  the  following,  viz. :  To 
ascertain  1,  the  relative  gains  made;  2,  the  relative  con- 
sumption of  food  used  in  making  them,  and  3,  the  relative 
cost  of  the  same. 

The  Animals  Used. — The  wethers  used  in  the  experiment 
were  20  in  number.  They  were  part  of  a  car  load  of  sheep 
and  lambs  bought  from  Wm.B.  Shaw,  Manager  of  Prospect 
ranch,  Culbertson,  Montana.  Culbertson  is  on  the  line  of 
the  Great  Northern  Railroad  and  is  702  miles  west  of  St. 
Paul.  The  shipment  was  made  late  in  September.  In  it 
were  100  wethers  and  187  lambs,  one  deck  load  of  each. 
They  were  unloaded  in  transit  at  the  University  State  Sub- 
Experimental  station  at  Crookston.  The  object  was  to 
pasture  them  there  on  the  abundant  pastures  at  the  station 
farm,  and  later  to  finish  them  at  the  central  station  at  the 
Twin  Cities.  Unusually  cold  weather  for  the  season  soon 
greatly  injured  the  pastures,  hence  the  major  portion  of  the 
wethers  and  lambs  were  brought  down  to  the  station  at 
this  place  on  October  28th,  and  on  November  6th  they  were 
put  under  experiment  as  previously  stated. 

In  breeding  they  were  essentially  grade  merino.  But 
few  of  them  had  any  other  tinge  than  white  on  the  face, 
many  of  them  had  more  or  less  of  wrinkles  on  the  neck,  and 
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comparing  them  with  wethers  grown  in  the  state,  they  were 
a  little  higher  up  from  the  ground.  Nevertheless,  all  of  them 
probably  were  possessed  of  more  or  less  of  down  blood. 
The  lot  fed  were  only  a  good  average  among  the  100  animals 
of  the  shipment.  They  were  one,  two  and  three  years  old. 
They  cost  $3.00  per  head  in  Montana.  The  freight  was  43% 
cents  each  on  the  basis  of  weight,  and  as  nearly  as  could  be 
ascertained  the  value  of  food  and  pasture  from  the  arrival 
of  the  animals  atCrookston,  until  put  under  experiment  was 
lOVi  cents  per  head.  On  the  basis  of  cost/  therefore,  they 
wereworth  $3.81  per  animal  when  the  feeding  began  Novem- 
ber 10th,  and  $3.87  per  animal  when  the  experiment  proper 
began  November  16th.  The  cost  per  100  pounds  when  the 
former  experiment  began  was  $3.37,  and  when  the  latter 
commenced  it  was  $3.31. 

Thirty  lambs  of  the  same  shipment  were  pitted  against 
the  wethers  in  the  contest.  On  the  basis  of  cost  the  lambs 
were  worth  $1.92  each  on  November  10th  and  $2.00  each 
on  November  16th.  Their  value  per  100  pounds  on  the  same 
basis  was  $3.37  at  the  former  date  and  $3.44  at  the  latter. 
Both  lambs  and  wethers  were  grown  on  the  same  ranch  and 
sold  to  the  same  buyer.  The  experiment,  therefore,  was  a 
very  fair  one.  The  lambs  had  a  slight  advantage  probably 
in  breeding. 

Conditions  Governing  the  £xperimejat.— They  were  fed 
in  an  apartment  of  the  shed  18x20  feet  and  had  free  access 
to  a  yard  of  similar  size.  The  yard  was  on  the  north  side 
of  the  shed.  They  had  access  to  water  and  salt  virtually 
at  will.  They  were  weighed  singly  when  first  put  upon  feed 
and  every  week  thereafter.  The  shed  and  yards  were  kept 
nicely  bedded. 

-Food  and  Feeding. — The  grain  consisted  of  oil-cake, 
bran,  com  and  oats,  fed  in  the  proportions  of  1,  2,  3  and  4 
parts  by  weight.  The  hay  was  native.  It  had  been  cut  on 
land  unharvested  the  previous  year,  and  consequently  the 
old  and  new  growths  were  mixed.     This,  along  with  over- 
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curing  made  a  very  unpalatable  fodder.  No  other  food  was 
given.  The  grain  was  fed  whole  and  the  hay  uncut.  They 
were  given  only  what  they  would  eat  up  clean  and  with  a 
relish.    The  food  was  fed  in  two  feeds  per  day. 

Estimated  Value  of  the  Food. — The  value  put  upon  the 
food  was  an  estimate,  though  in  reality  the  estimate  is 
about  as  much  as  was  actually  paid  for  the  food.  The  es- 
timate aims  to  give  the  average  market  values  of  the  food 
in  the  state.    These  are  as  follows: 

Oilcake,  per  ton $14.00 

Wheat  Bran,  per  ton 6.50 

Com,  per  bushel  of  56  pounds 18 

Oats,  per  bushel  of  32  pounds 14 

Native  hay,  per  ton 3.00 

Food  Consumed,  —  Table  CI.  gives  the  aggregate 
amounts  of  the  food  consumed  during  the  experiment  proper, 
the  average  amount  of  the  same  consumed  per  animal,  and 
the  average  amount  consumed  per  day  per  animal. 

TABUS  CI — Food  Ck>nsxuned. 


Agfipregatet 

of  Pood 
Consmned. 

Averages 

of  Pood 

Consaxned. 

Average  Constimp- 

tion  per  Animal 

per  Day. 

Grain 

Lbs. 
6.041 
1,707 

Lbs. 
252.1 
85.4 

Lbs. 
3  OO 

Hay 

1  02 

Totals 

6,748 

837.5 

4  02 

The  average  consumption  of  food  per  day  by  the  range 
lambs  that  were  fed  simultaneously  and  on  similar  food 
was  2.51  pounds  per  day.  In  the  preparatory  feeding  186 
pounds  of  grain  were  consumed,  and  263  pounds  of  hay. 
The  total  consumption  of  food  therefore  during  the  91  days 
of  feeding  was  7,197  pounds. 
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Value  of  Food  Consumed.--Tlie  cost  of  the  various 
items  of  food  fed  during  the  experiment  proper  was  as 
follows: 

Oilcake $3.53 

Bran 3.28 

Com 4.86 

Oats 8.82 

Total  cost  of  grain $20.49 

Hay 2.56 

Total $23.05 

In  all  our  experience  in  feeding,  thus  far,  in  Minnesota, 
oats  has  been  the  dear  grain  food.  Whether  they  could  Vas 
well  be  entirely  dispensed  with  in  fattening  sheep  has  not 
been  proved,  but  the  relatively  dearer  price  should  certainly 
lead  to  caution  in  feeding  them. 

The  value  of  the  food  consumed  during  the  preparatory 
feeding  was  $1.16,  and  during  the  whole  experiment  $24.21. 
The  cost  of  feeding  one  wether  therefore  for  91  days  was 
$1.21. 

Weights  of  the  Wethers. — The  following  is  a  synopsis  of 
the  weights  and  gains  made  by  the  wethers  during  the  84 
days  of  feeding  of  the  experiment  proper,  and  also  during 
91  days  while  under  experiment. 

Aggregate  weights  on  November  10th,  1896,  when     ^^•• 
the  preparatory  experiment  began 2,260 

Aggregate  weights  on  November  16th,  when  the  ex- 
periment proper  began 2,337 

Aggregate  weights  February  8th,  when  the  experi- 
ment closed 2,805 

Aggregate  weight  when  shrunk  4  per  cent '. 2,693 

Aggregate  increase  for  84  days,  or  during  the  ex- 
periment proper 468 
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Lbs. 

Aggregate  increase  for  91  days,  or  daring  the  whole 

period  of  feeding.....' 565 

Average  weight  November  10th,  1896 113 

Average  weight  November  16th,  1896 116.8 

Average  weight  February  8th,  1897 140.3 

Average  increase  in  weight  during  the  experiment 

proper 23.4 

Average  increase  in  weight  during  the  whole  period 

of  feeding 27.2 

Average  increase  per  month  during  the  experiment 

proper 8.4 

Average  increase  per  month  during  the  entire  period 

of  feeding 9.0 

It  may  appear  strange  that  the  wethers  should  gain  so 
much  more  during  the  period  of  91  days  feeding  of  the  whole 
experiment  as  compared  with  the  84  days  feeding  of  the  ex- 
periment proper.  But  that  simply  illustrates  the  uncertain 
element  in  weights.  A  bunch  of  animals  may  weigh  so 
many  pounds  one  day  and  a  few  days  hence  they  may 
weigh  more  or  less.  Because  of  this,  conclusions  based  on 
very  short  periods  of  feeding  certain  foods  may  be  mis- 
leading. 

Disposal  of  the  Wethers, — The  wethers  were  not  sent  to 
the  block  when  the  experiment  closed.  The  feeding  continued 
until  March  24th,  1897,  but  the  experiment  closed  on  Feb- 
ruary 8th,  as  both  the  wethers  and  lambs  were  then  con- 
sidered ready  for  the  block.  The  delay  in  the  sale  was  made 
by  the  desire  to  place  them  and  the  lambs  also  upon  a  home 
market.  They  were  valued  however  at  the  price  paid  on 
March  24th,  which  was  $4.00  per  100  pounds,  as  the  price 
of  meat  was,  if  anything,  dearer  on  February  8th  than  on 
March  24th.  They  were  sold  to  E.  M.  Prouty  &  Co.,  of 
South  St.  Paul,  and  through  W.  E.  McCormick  they  went 
to  the  retail  trade. 
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Financial  Statement, — Value  of  20  wethers 

at   $4.00   per.  100    pounds,     sBirank 

weight,  when  the  experiment   closed, 

February  8th,  1897 $107.72 

Value  of  20  wethers  when  the  experiment 

proper  began,  November  16th,  1896, 

on  the  basis  of  cost $77.35 

Cost  of  food 23.05 

Total  cost 100.40 

Net  profit $7.32 

Net  profit  on  one  wether .36 

Net  profit  on  one  lamb  as  pitted  against 

the  wethers .85 

Observations, — 1.  The  food  was  charged  at  market 
values.  Although  these  were  very  low  they  are  probably 
more  than  the  home  values,  and  in  so  far  as  they  exceed 
home  values  they  tell  against  the  net  profit  in  the  experi- 
ment. 

2.  The  value  of  the  manure  is  supposed  to  offset  the 
cost  of  bedding,  labor  and  interest  on  the  investment. 

3.  On  the  whole  the  experiment  was  a  very  fair  one 
as  previously  intimated,  as  the  conditions  were  even  and 
uniform.  The  animals  in  both  lots  maintained  good  health 
to  the  close  of  the  experiment.  Both  wethers  and  lambs 
went  into  the  experiment  at  the  same  date  and  at  the  same 
cost  per  100  pounds.  Both  were  disposed  of  at  the  same 
time  and  to  the  same  buyer.  Notwithstanding,  the  net  profit 
on  the  lambs,  per  animal,  from  84  days'  feeding,  was  85 
cents,  while  on  the  wethers  it  was  but  36  cents.  This  result 
was  the  outcome  of  the  better  gains  made  by  the  lambs  from 
the  food  fed,  and  also  of  a  greater  advance  in  the  value  per 
pound  during  the  period  of  feeding.  These  points  are  clearly 
brought  out  in  the  summarized  statement  which  follows. 
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Values, — 

1.  Estimated  price  per  100  pounds  paid  for  the 
wethers  in  Montana  on  the  basis  of  ttnshrunk 
weights $2.83 

2.  Valae  per  100  pounds  when  the  experiment  began      3.37 

3.  Value  per  100  pounds  when  the  experiment  closed      4.00 

4.  Difference  per  100  pounds  between  the  cost  price 

and  selling  price 63 

Freights — 

1.  Cost  of  freight  on  each  of  the  20  wethers,  com- 
puted on  the  basis  of  weights $0.43% 

2.  Cost  of  freight  on  each  of  the  30  lambs  pitted 
against  the  wethers,  on  the  basis  of  weights 23 

3.  Cost  of  freight  on  a  double-deck  car  from  Cul- 
j  bertson,  Montana,  to  St.  Paul,  702  miles,  with 
I                                a  cargo  of  100  wethers  and  187  lanibs,  including 

food., , 79.40 

Weights — 

1.  Estimated   average  [^'weight  of  each  wether  in  ^***- 
Montana 106. 

2.  Average  weight  of  each  wether  when  the  experi- 
ment proper  began,  November  16th,  1896 116.8 

3.  Average  weight  of  each  lamb  pitted  against  the 
wethers  on  the  same  date 58.1 

4.  Average  weight  of  each  wether  at  the  close  of 
the  experiment,  February  8th,  1897 140.3 

5.  Average  weight  of  each  lamb  on  same  date 77.1 

Increase  in  Weight — 

1.  Average  increase  in  weight  made  by  each  wether '^^-  ^'  ^ 
during  the  experiment  proper 23.4 

2.  Average  increase  in  weight  of  each  lamb  for  the 
same  period 19.0 
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3.  Average  increase  in  weight  per  month  made  by       ^ba. 
each  wether 8.4 

4.  Average  increase  in  weight  made  by  each  Iamb...         6.8 

Food  Consumed— 

1.  Average  amount  of  food  consumed  per  day  by 

each  wether 4.02 

2.  Average  amount  of  food  consumed  per  day  by 

each  lamb 2.51 

Cost  of  Increase— 

1.  Cost  of  making  100  pounds  of  increase  with  the 
wethers  during  the  experiment  proper ^ $4.92 

2.  Cost  of  making  100  pounds  of  increase  with  the 
lambs  during  the  same  period 3.97 

Increase  in  Values — 

1.  Average  value  of  each  wether  at  the  beginning 

of  the  experiment  proper,  November  16th,  1896.      3.87 

2.  Average  value  of  each  lamb  at  the  same  date 2.00 

3.  Average  increase  in  value  on  each  wether,  shrunk 
weights  not  considered,  during  the  experiment 
proper 1.74 

4.  Average  increase  in  value  on  each  lamb  during 

the  same  period 1.76 

Pro£ts — 

1.  Average  net  profit  on  each  wether  during  the 
experiment  proper 36 

2.  Average  net  profit  on  each  lamb  during  the  ex- 
periment proper 85 

CONCLUSIONS. 

The  following  are  the  more  important  of  the  conclusions 
that  may  be  drawn  fi-om  the  experiment : 

1.  That  in  this  experiment  the  net  profit  in  feeding  one 
lamb  for  84  days  was  49  cents  more  than  from  feeding  one 
wether  for  a  similar  period. 
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2.  That  this  /greater  profit  arose  from  the  greater  rela- 
tive gains  made  by  the  lambs,  and  from  the  greater  relative 
advance  in  the  selling  price  as  compared  with  the  buying 
price. 

3.  That  if  as  much  profit  is  to  be  made  from  feeding 
wethers  as  from  feeding  lambs,  it  would  seem  to  be  neces- 
sary to  buy  them  at  a  considerably  less  price  per  100 
pounds. 
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SECTION  NO.  5. 


THOMAS  SHAW. 

This  experiment  is  virtually  a  repetition  of  the  one  con- 
ducted the  previous  winter  in  fattening  range  wethers, 
though  in  a  somewhat  modified  form.  The  chief  points  of 
difference,  however,  relate  to  the  duration  of  the  experi- 
ment and  the  disposal  of  the  wethers.  In  the  experiment  of 
1896  and  1897,  the  feeding  covered  a  period  of  91  days, 
whereas  in  that  of  1897-'98,  it  covered  but  87  days.  In  the 
former  the  whole  period  of  feeding  was  simultaneous  with 
that  of  the  feeding  of  the  lambs  pitted  against  them  in  the 
feeding  contest.  Inrthe  latter,  although  it  commenced  at 
the  same  date  as  the  experiment  with  the  lambs  pitted 
against  them,  it  only  covered  87  days,  whereas  the  feeding 
of  the  lambs  covered  131%  days.  And  in  the  former  the 
wethers  and  lambs  were  sold  simultaneously,  whereas  in  the 
latter  the  wethers  were  sold  on  January  28th,  1898,  and 
the  lambs  were  not  sold  until  March  12th  following. 

Time  Covered  by  the  Experiment, — The  preparatory  ex- 
periment began  November  2d,  1897,  and  covered  6  days. 
The  experiment  proper  began  November  8th  and  ended  Jan- 
uary 28th.  The  whole  time  of  feeding  therefore  was  87 
days.  The  wethers  were  then  sold  to  Mr.  F.  W.  Luley,  of 
the  Minnesota  Transfer,  and  were  disposed  of  in  the  Twin 
Cities.  A  number  of  them  were  served  on  the  tables  of  the 
Commercial  club  of  Minneapolis,  and  to  the  great  satisfac- 
tion of  the  guests.  The  finish  put  upon  the  wethers,  as 
shown  later  in  Figures  205  and  206,  was  considered  by  the 
purchasers  to  be  of  the  first  order. 

Objects  Sought  in  the  Experiment,— Qh\e{  among  the 
objects  sought  in  the  experiment  were  the  following:    1, 
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to  determine  the  behavior  of  range  wethers  in  a  feeding 
contest  with  range  lambs  with  reference,  first,  to  relative 
increase  in  weight;  second,  to  the  cost  of  such  increase  and, 
third,  to  the  consumption  of  food  used  in  producing  it;  and 
2,  to  determine  the  relative  profit  Irom  feeding  wethers  and 
lambs  respectively. 

The  Animals  Used. — The  wethers  were  bought  by  the 
Hon.  W.  M.  Liggett,  the  director  of  the  station,  and  the 
writer,  from  Wm.  B.  Shaw,  Culbertson,  Montana,  in  the 
autumn  of  1897.  Culbertson  is  on  the  line  of  the  Great 
Northern  railroad,  and  is  702  miles  west  from  St.  Paul. 
They  formed  part  of  a  carload  consisting  of  25  wethers  and 
299  lambs  that  were  purchased  at  the  time.  They  reached 
the  station  Oct  20th,  and  were  pastured  on  blue  grass  for 
10  days.  They  were  chosen  on  the  ground  of  uniformity 
rather  than  on  that  of  size.  Some  were  yearlings  and  some 
were  older.  Thev  were  Irom  Oxford  Down  sires  and  Merino 
grade  dams  of  mixed  breeding.  On  the  whole  they  were 
better  than  the  average  range  wether,  but  were  somewhat 
more  leggy  than  the  average  wether  of  the  arable  farm. 
They  weighed  117  pounds  each  when  they  reached  the  farm, 
and  when  put  under  experiment,  10  days  later,  the  weight 
was  virtually  the  same. 

Conditions  Governing  the  Experiment, — Only  20  out  of 
the  25  wethers  purchased  were  fed,  because  of  the  want  of 
room  for  a  larger  number.  The  other  five  w^ere  sold  to  the 
supply  department  of  the  School  of  Agriculture,  and  at  a  fair 
profit.  They  were  fed  in  one  division  of  the  shed  alongside 
that  in  which  the  lambs  were  kept  which  were  pitted  against 
them  in  the  contest.  They  had  access  to  a  yjird  at  will, 
save  in  stormy  weather.  The  3'ard  was  on  the  north  side  of 
the  shed.  The  wethers  were  weighed  singly  when  put  under 
experiment  and  every  two  weeks  thereafter.  Water  and 
salt  were  also  on  hand  all  the  time. 

Food  and  Feeding, — The  grain  fed  consisted  of  oilcake, 
wheat  bran,  corn  and  oats,  fed  m  the  proportions  of  1,  2,  3 
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and  4  parts,  by  weight,  respectively.  The  hay  fed  consisted 
of  clover  and  timothy,  the  former  predominating.  They 
were  also  led  sorghum  ensilage  after  December  28th.  The 
com  and  barley  were  fed  whole  and  the  hay  was  given  un- 
cut. They  were  given  of  each  kind  of  food  what  they  would 
eat  up  clean  and  no  more.  All  the  food  fed  was  given  in  two 
feeds  per  day,  save  the  ensilage,  which  was  fed  but  once. 
The  food  ration  was  the  same  in  kind  as  that  given  to  the 
lambs  pitted  against  them  in  the  feeding  contest,  and  the 
general  treatment  was  the  same.  These  lambs  arfe  described 
as  lot  1,  in  Bulletin  No.  57.  section  3.  In  the  said  bulletin 
all  the  requisite  particulars  are  given  relating  to  the  feeding 
of  the  lambs. 

Estimated  Value  of  the  Food, — The  food  was  charged  at 
the  average  market  values  in  the  state  when  delivered  at  the 
place  of  sale.    These  values  were  fixed  as  follows : 

Oilcake,  per  ton $22.00 

Wheat  bran,  per  ton 7.50 

Corn,  per  bushel  of  56  pounds 22 

Barley,  per  bushel  of  48  pounds 20 

Oats,  per  bushel  of  32  pounds 17 

Hay,  per  ton 4.00 

Sorghum  ensilage,  per  ton 1.20 

Food  Consumed. — Table  CII.  gives  the  aggregate 
amounts  of  the  various  food  factors  consumed  during  the 
experiment  proper,  the  average  amounts  of  the  same,  and 
the  average  amount  consumed  by  one  animal  per  day. 

TABLE  Oil. —Food  Consnmed. 


Grain , 

Hay 

Ensilage , 


Totals. 


AgRrcgatcg 
of  Food 
Consumed. 


Lbs. 
4.8 '6 
2,925 
506 

8,276 


Aycrafjres 

of  Food 

Consamed. 


Lbs. 

•  42.3 

14ft.2 

26.2 

413.7 


Average 

Constiniption 

per  Animal 

per  day. 


Lbs. 

2.78 

1.68 

.81 

5.27 
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The  total  consumption  of  food  per  day  by  the  wethers 
was  5.27  pounds  as  against  2.85  pounds  consumed  bj  the 
lambs  fed  on  a  similar  ration  daring  91  days  of  practically 
simultaneous  feeding.  In  proportion  to  the  live  weight,  the 
consumption  of  food  by  the  wethers  was  a  little  less.  The 
average  weight  of  the  wethers  when  put  under  experiment 
was,  as  stated,  117  pounds,  while  that  of  the  lambs  was 
60.8  pounds.  On  the  other  hand,  the  relative  gains  made 
by  the  lambs  in  proportion  to  the  food  fed  was  much 
greater,  as  will  be  shown  below. 

Valae  of  Food  Consumed . — The  cost  of  the  various 
items  of  food  fed  was  as  follows: 

Oilcake $5.35 

Wheat  bran 3.63 

Com 5-71 

Oats 10,30 

Total  cost  of  grain $24.99 

Hay 6.58 

Ensilage .30 


Total $31.87 

The  cost  therefore  of  Tood  per  head  for  one  wether  for 
S7  davs  was  $1.59,  while  for  one  lamb,  similarlv  fed  for  91 
days,  it  was  but  $1.04.  It  is  also  worthy  of  note  that  the 
1.938  pounds  of  oats  fed  cost  nearly  twice  as  much  as  the 
1.453  pounds  of  com.  hence  the  great  importance  of  noting 
carefully  the  relative  cost  of  foods  when  making  up  a  food 
ration. 

Weights  oi  the  Wethers. — The  following  is  a  synop^  erf 
the  weights  and  gains  made  by  the  wethers  during  the  ex- 
periment proper: 


FINANCIAL  STATEMENT.  558 

Aggregate  weights  on  November  2d,  1897,  when  the         ^^■* 

experiment  began 2,341 

Aggregate  weights  on  January  28th,  1898,  when  it 

closed 3,000 

Aggregate  gains  in  87  days 659 

Average  weight  when  the  experiment  began 117 

Average  weight  when  the  experiment  closed 150 

Average  increase  in  weight 33 

Average  increase  in  weight  per  month  of  30  days 11.4 

These  were  excellent  gains,  but  it  should  be  noted  that 
the  period  of  feeding  was  a  short  one.  The  gains  made  by 
the  lambs  during  practically  the  same  period  were  10.2 
pounds  per  month. 

The  wethers  were  sold  on  a  shrink  of  4  per  cent,  which 
amounted  to  6  pounds  per  animal.  This  reduced  the  ag- 
gregate weight  from  3,000  pounds  to  2,880  pounds,  and 
the  average  weight  from  150  pounds  to  144  pounds. 

Financial  Statement, — The  wethers  were  sold  for  4Vi 
cents  per  pound  live  weight.    The  account  therefore  stands 
as  below : 
Received  for  20  wethers  when  delivered  on  January 

28th,  at  the  Minnesota  Transfer $129.60 

Total  cost  of  the  same 120.83 

Total  net  profit $8.77 

Average  net  profit  per  head 44 

The  outlay  was  made  up  of  the  following  items :  Cost 
in  Montana,  2,341  pounds  at  $3.33  per  hundred,  $77.96; 
Pasture  for  10  days,  $1.00;  Freight,  $10.00;  Food  for 
87  days,  $31.87.  The  profit  on  the  20  wethers  for  the  87 
days  feeding  without  shrink  was  71  cents  per  animal,  while 
the  profit  from  feeding  one  lamb  for  91  days  on  the  same 
basis  was  $1.91.  This  great  difference  arose,  as  in  the  ex- 
periment of  the  previous  year,  first,  from  the  less  consump- 
tion of  food  by  the  lambs  in  proportion  to  the  gain,  and 
second,  from  the  greater  advance  in  the  value  of  the  lambs. 
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While  the  lambs  consumed  but  2.85  pounds  of  food  per  head 
per  day,  as  stated,  and  made  a  monthly  gain  of  10.2  pounds, 
the  wethers  consumed  5.27  pounds  of  food  {>er  head  per  day 
and  made  a  monthly  gain  of  11.4  pounds.  And  while  the 
lambs  advanced  in  value  from  $3.45  per  100  pounds  to 
$5.50,  the  wethers  advanced  from  $3.80  per  100  pounds  to 
$4.50y  that  is  to  say,  while  the  lambs  advanced  $2.05  per 
100  pounds,  the  wethers  only  advanced  70  cents  per  100 
pounds. 

In  feeding  lambs  as  against  wethers,  therefore,  when 
bought  at  the  same  price  per  100  pounds,  under  normal 
conditions,  the  lambs  may  always  be  expected  to  make  a^ 
greater  gain  from  the  food  fed,  and  to  make  more  of  an 
advance  on  the  selling  price  as  compared  with  the  cost  price. 
These  two  facts  should  never  be  lost  sight  of  when  deciding 
whether  lambs  or  wethers  shall  be  fed.  This  advantage  in 
favor  of  the  lambs  is  partially  oflset  by  the  greater  weight 
of  the  wethers  at  the  time  of  purchase,  so  that  there  is  a 
greater  relative  profit  on  the  weight  at  the  time  of  purchase, 
in  proportion  to  the  advance  in  price  that  is  made  when  the 
animals  are  sold. 

The  contrast  may  be  shown  in  another  way.  The  cost 
of  making  100  pounds  of  increase  with  the  wethers  in  this 
experiment  was  $4.83,  and  the  selling  price  was  $4.50  per 
hundred.  Each  100  pounds  of  increase,  therefore,  made 
while  feeding  the  wethers,  cost  33  cents  more  than  it  was 
worth.  The  cost  of  making  100  pounds  of  gain  with  the 
lambs  during  practically  the  same  period  and  on  similar 
foods  was  $3.83,  and  the  selling  price  was  $5.50.  Each 
100  pounds  of  increase,  therefore,  made  by  the  lambs  was 
worth  $1.67  more  than  it  cost  to  make  it. 

It  should  be  raentinoed  also  that  the  wethers  cost  more 
when  bought.  But  the  difference  was  only  SVs  cents  per  100 
pounds  more  for  the  wethers  than  for  the  lambs.  The  latter 
were  valued  at  3.25  per  hundred  when  bought,  although  the 
whole  lot  of  lambs  cost  but  $3.00  per  hundred.    Had  the 
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wethers  been  ptirchased  at  the  same  price  as  the  value  put 
upon  the  lambs,  the  final  outcome  would  be  more  favorable 
to  the  wethers  to  the  extent  of  only  10  cents  per  head. 

IMPORTANT   FACTS   SUMMARIZED. 

Values — 

1.  Price  paid  per  hundred  for  the  wethers  in  Mon- 
tana     $3.33 

2.  Value  per  hundred  on  the  basis  of  cost  when  the 
experiment  began 3.80 

3.  Value  per  hundred,  shrunk  weight,  when  deliv- 
ered at  the  Minnesota  Transfer,  January  28th, 

1898 4.50 

4.  DiflFerence  per  hundred  between  cost  price  and 
selling  price 70 

Freights- 

1.  Cost  of  freight  on  each  of  the  20  wethers  com- 
puted on  the  basis  of  weights 50 

2.  Cost  of  freight  on  each  of  the  30  lambs  pitted 
against  the  wethers  in  the  experiment  on  the 
basis  of  weights .25% 

3.  Cost  of  freight  on  a  double-deck  car  from  Cul- 
bertson,  Montana,  to  St.  Paul,  702  miles,  with 
a  cargo  of  25  wethers  and  299  lambs,  including 
food *. 82.10 

Weights — 

1.  Average  weight  of  each  wether  in  the  experi- 
ment in  Montana,  and  also  when  the  experiment 
began 117 

2.  Average  weight  of  each  lamb  pitted  against  the 
wethers  when  the  experiment  began 60.8 

3.  Average  weight  of  each  wether  at  the  close  of 

the  experiment  on  feed  87  days 150 

4.  Average  weight  of  each  lamb  when  on  feed  91 
days 92 
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Increase  in  Weight — 

Lbs. 

1.  Average  increase  in  weight  made  by  each  wether 
during  87  days  of  feeding 33 

2.  Average  increase  in  weight  made  by  each  lamb 
during  91  days  of  feeding 31 

3.  Average  increase  in  weight  per  month  made  by 

each  wether 11.4 

4.  Average  increase  in  weight  per  month  made  by 

each  lamb 10.2 

Food  Consumed— 

Lbs. 

Average  amount  of  food  consumed  per  day  by  each 

wether 5.27 

Average  amount  of  food  consumed  per  day  by  each 

lamb 2.85 

Cost  of  Increase. — 

1.  Cost  of  making  100  pounds  of  increase  in  weight 

with  the  wethers  during  the  experiment  proper...    $4.83 

2.  Cost  of  making  100  pounds  of  increase  with  the 
lambs 3.83 

FroBts, — 

1.  Average  value  of  each  wether  at  the  beginning  of 

the  experiment,  November  2d,  1897 4.45 

2.  Average  value  of  each  lamb  at  the  beginning  of 

the  experiment,  November  1st 2.10 

3.  Average  value  of  each  wether  at  the  close  of  the 

the  experiment,  January^  28th,  1898 6.75 

4.  Average  value  of  each  lamb  on  January  31st,  *98  5.05 

5.  Average  increase  in  value  on  each  wether 2.30 

6.  Average  increase  in  value  on  each  lamb 2.95 

7.  Average  profit  on  each  wether,  shrunk  weights 

not  considered 71 

8.  Average  profit  on  each  lamb  on  a  similar  basis...       1.91 
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CONCLUSIONS. 

The  following  are  among  the  more  important  of  the 
conclusions  based  upon  the  experiment: 

1.  That  when  wethers  and  lambs  are  bought  at  the 
same  price  per  pound  and  are  fattened  under  similar  condi- 
tions, the  lambs  are  likely  to  bring  considerably  more  profit. 

2.  This  increased  profit  is  likely  to  arise  first,  from  the 
greater  relative  advance  at  which  the  lambs  will  probably 
be  sold,  and  second,  from  the  greater  relative  gains  which 
the  lambs  are  likely  to  make  on  a  given  amount  of  food. 

3.  And  this  profit  may  be  expected  to  increase  with  the 
decrease  in  the  difference  between  the  weight  of  the  wethers 
and  lambs  respectively  at  the  time  of  purchase,  because  of 
the  influence  which  weight  at  the  beginning  of  an  experi- 
ment exercises  upon  any  advance  made  in  mutton  values. 

AVERAGES  FROM  TWO  EXPERIMENTS. 

Certain  averages  are  now  submitted  gleaned  from  the 
two  experiments  in  feeding  wethers. 

Period  of  Feeding—  °**y" 

1.  Average  time  covered  by  the  experiment  proper....    82V2 

2.  Average  time  covered  by  the  whole  period  of  feeding    89 

Values — 

1.  Average  value  of  the  wethers  per  100  pounds  on 

the  basis  of  cost  when  the  feeding  began $3.58V^ 

2.  Average  value  per  100  pounds,  shrunk  weight, 
when  the  lambs  were  sold 4.25 

3.  Difference  per  100  pounds  between  the  cost  price 

and  the  selling  price 66% 

Increase  in  Valm 


1.  Average  value  of  each  wether  when  the  feeding 
period  began 4.16 

2.  Average  value  of  each  wether,  without  shrink, 
when  the  feeding  period  closed 6.18 
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3 .  Average  value  of  each  wether,  with  shrink ,  when 

the  feeding  period  closed $5.93% 

4.  Average  increase  in  value  of  each  wether  during 

the  feeding  period 2.02 

Weights — 

1.  Average  weight  of  one  wether  when  the  period        ^**'- 
of  feeding  began 115 

2.  Average  weight  of  each  wether  when  the  period 
of  feeding  closed,  that  is  to  say  when  89  days  on 

food 145 

Increase  in  Weight, — 

1.  Average  increase  in  weight  of  each  wether  from 
feeding  for  89  days 30.1 

2.  Average  increase  in  weight  of  each  wether  per 
month  of  30  days 10.2 

Food  Consumed. — 

1.  Average   of  grain   consumed   per  day  by  each 
wether 2.89 

2.  Average  of  food  consumed  per  day  by  each  wether      4.65 

Cost  of  Increase. — 

1.  Average  cost  of  making  100  pounds  of  increase 

in  weight  during  the  experiment  proper $4.87% 

2.  Average  cost  of  making  100  pounds  of  increase 

in  excess  of  the  price  obtained  for  it 62Vi 

ProSt.— 

1.  Average  profit  on  each  wether  during  the  period 

of  feeding,  shrunk  weight  not  included 65 

2.  Average  net  profit  on  each  wether 40 
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TABLE  OIII.— Normal  Temparatnre,  Monthly  and  Annaal,  1897. 
Obtained  from  Stations  in  Minnesota  Having  a  Record  of  Five  or  More  Years. 


Stations. 
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Northetu  Section 
A.da 
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Crookston 

Dninth 

Ukt  VinniltigothiBh... 

Leech  Lake  Dam 

Moorhead 

Park  Rapids 

Pine  R.  Dam 

Pokegama 

Sandy  L.  Dam.... 

Middle  Section 
Bonni  wells 


CollegeriUe 

Fergus  Palls 

Long  Prairie 

Maple  Plain 

Morris 

St.  Clond.. 

St.  Olaf. 

Willmar 


5 

9 
27 
10 
10 
17 

8 
11 
11 

6 

5 
5 
0 
6 
6 
13 
22 
5 


Son  them  Section 
Albert  Lea 


Bird  Island 

Blooming  Prairie 

Caledonia 

Camden 

Farmington 

Grand  Meadow- 
Minneapolis 

Minnesota  City.. 

Montevideo 

New  Ulm 

Rolling  Green 

St.  Charles 

bt.  Panl 

Wabaaha 


8 

8 

6 

6 

6 

10 

10 

38 

6 

8 

18 

11 

8 

26 

6 


3.2 

-0.8 

8.7 

4.6 

3.9 

-1.6 

-1.7 

3.3 

2.2 

4.4 

6.6 
9.8 
3.9 
3.3 
7.4 
3.7 
9.0 
3.6 
6.6 

7.7 

5.2 

9.0 
13.6 

9.1 
11.0 
10.0 

8.8 
13.2 

7.4 
10.9 

8.9 
12.0 

9.9 
11.6 


8.6 
6.1 
12.9 
7.6 
7.8 
4.6 
6.6 
7.3 
6.4 
9.8 

15.6 
15.6 
11.1 

9.4 
15.1 

9.3 
12.7 
11.6 
12.8 

16.1 
11.6 
14.4 
17.1 
14.4 
14.1 
13.8 
14.4 
18.1 
13.0 
16.1 
13.7 
16.6 
15.5 
16,9 


20.9 

• 

19  2 
23.9 
20.2 
19.4 
19  9 
19.6 
20.0 
19.4 
21.1 

24.8 
27.3 
22.5 
21.5 
:?6.4 
22.8 
25.7 
22.1 
23.4 

27.1 
25.5 
26.8 
28.5 
25.9 
26.3 
24.8 
25.1 
30.1 
24.2 
25.2 
25.8 
26.2 
28.5 
28.6 


45.5 
42.9 
37.7 
40.1 
40.4 
38.3 
40.8 
40.6 
38.2 
39.9 

47.6 
46.0 
43.0 
41.9 
45.1 
44.4 
43.2 
43.3 
44.3 

45.5 
45.0 
46.1 
46.4 
45.1 
45.3 
44.2 
44.2 
48.5 
46.0 
45.6 
46.1 
44.8 
45.8 
48.1 


67.9 
53.5 
48.8 
50.9 
50.2 
62.8 
63.1 
62.4 
49.6 
52.0 

69.1 
68.2 
65.3 
55.6 
56.4 
66.2 
66.1 
56.2 
66.4 

58.3 
66.8 
57.4 
57.0 
66.9 
56.6 
63.9 
67.6 
69.1 
56.3 
60.7 
56.0 
56.3 
67.2 
694 


64.8 
66.6 
67.8 
63.3 
63.6 
65.7 
63.3 
66.3 
62.5 
64.1 

68.9 
68.4 
66.8 
66.0 
67.7 
66.4 
66.8 
66.7 
66.7 

67.0 
66.7 
68.0 
67.9 
66.8 
670 
67.3 
67.2 
68.6 
66.7 
69.3 
66.8 
67.1 
67.2 
68.8 


69.0 
71.3 
65.9 
69.3 
66.5 
67.2 
68.1 
69.7 
66.1 
67.6 

72.8 
72.6 
70.3 
68.9 
72.1 
72.1 
71.1 
69.8 
70.6 

72.2 
71.5 
71.6 
71.6 
71.0 
70.9 
72.0 
71.6 
71.3 
70.6 
72.1 
71.3 
69.8 
71.6 
72.7 


66.6 
66.5 
64.7 
63.5 
62.8 
64.4 
63.0 
65.5 
62.6 
64.1 

69.0 
69.1 
66.7 
64.8 
68.8 
67.0 
69.5 
66.6 
66.9 

67.7 
67.6 
68.6 
62.4 
67.6 
68.2 
66.8 
68.3 
68.3 
68.2 
71.6 
68.3 
66.8 
69.1 
69.2 


68.4 
57.3 
56.2 
66.0 
55.4 
53.0 
66.3 
67.6 
53.2 
66.6 

62.6 
62.5 
60.0 
68.6 
61.7 
69.5 
68.5 
59.5 
60.1 

60.6 
60.8 
61.8 
62.3 
61.3 
60.6 
69.3 
59.8 
62.0 
62.4 
62.2 
62.5 
60.7 
69.7 
62.9 


42.9 
43.0 
44.9 
41.6 
41.6 
40.6 
40.8 
42.6 
39.3 
42.6 

47.3 
47.6 
46.2 
43.2 
46.9 
44.7 
44.8 
44.6 
.6 


46.3 
47.1 
47.4 
47.9 
48.6 
46.4 
44.6 
46.9 
48.4 
48.1 
45.2 
46.2 
46.1 
46.9 
47.1 


22.0 
22.5 
29.4 
23.3 
22.7 
22.4 
21.9 
23.9 
21.6 
22.1 

27.0 
27.5 
23.7 
22.8 
26.7 
26.3 
26.5 
23.4 
24.4 

28.2 
26.8 
26.5 
3O.0 
26.2 
28.1 
27.4 
28.9 
30.2 
27.5 
30.7 
28.4 
28.6 
29.8 
29.3 


10.6 
12.6 
17.8 
14.0 
14.8 
10.6 
12.0 
14.6 
13.2 
12.8 

17.4 
19.1 
13.5 
16.6 
17.8 
14.3 
18.2 
13.8 
16.6 

17.1 
16.6 
18.1 
20.0 
20.0 
21.1 
20.2 
16.2 
22.6 
20.5 
17.9 
21.0 
22.2 
18.8 
21.0 


38.6 
38.3 
38.2 
37.6 
37.4 
36.6 
36.9 
88.6 
36.0 
38.2 

43.8 
43.6 
40.1 
39.7 
42.6 
40.7 
41.6 
40.0 
41.1 

42.3 
40.2 
43.0 
44.4 
42.7 
42,9 
42.0 
42.3 
45.0 
42.6 
44.0 
42.8 
48.1 
43.4 
44.8 
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TABLB  CIV.— Normal  Precipitation,  Montlily  and  Annual,  1897. 

Obtained  from  Stations  in  Minnesota  Having:  a  Record  of  Five  or  More  Years. 


STATIONS. 
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Crookston 

Daluth 

Lake  WinnibigoBliuli. 

I^eech  Lr'ke  Dam 

Moorhead 
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Pinr  R.  Dam.... 
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Sandy  Iv.  Dam.. 

Middle  Section. 
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Beardsley 

Bonniwell 

Collegeville 

Pergns  Palis 

Long  Prairie.... 

Maple  Plain 

St.  Cloud 

St.  Olaf. 

Willmar 


SouthernSecti^n 
Albert  L,ea 


Bird  Island 

Blooming  P 

Caledonia 

Camden 

Parmington 

G'd  Meadow.... 

Minneapolis 

Minnesota  City 

Montevideo 

New  Ulm 

Rolling  Green  .. 

St.  Charles 

St.   Paul 

Wabasha 


S 

8 
27 
10 
10 
17 

8 
11 
11 

6 

10 
5 
6 
5 

10 
5 
6 
6 
5 
6 

8 


0.53 
0.68 
1.07 
0.90 
0.88 
0.73 
1.01 


I 
0.66  0.72 


0.99 
1.11 
0.80 
0.88 
0.88 
0.70 


1.0810.84 
1.09,0.91 


1.46 


0.96 


I 


0.8110.74 
1.28  0.70 
0.6lio.39 
0.63  0.28 
0.740.56 
0.94'0.28 
t.5ltl.02 
1.200.66 
1.14  0.73 
0.88  0.45 

1.290.61 


8    0.72  0.72 


0.620.76 


6  11.3810.91 


6 
10 
10 
32 
5 
8 
18 


0.780.31 


1.01 
0.89 


1.23 


1.26 
0.91 


1.11 


1,13  0.51 


0.76  0.75 

0.95  0.96 

11   1 1.13  0.92 

8  jl.3l|l.14 

27  ,0.97!o.92 
I 
5    1.46  1.06 


1.05 
1.66 
1.36 
1.38 
0.87 
0.92 
1.31 
1.68 
1.75 

1.28 
1.28 
1.83 
1.10 
1.03 
1.29 
2.59 
1.86 
1.32 
1.38 

1.46 
0.98 
1.34 
1.78 
1.69 
2.27 
1.11 
1.61 
1.13 
1.70 
1.47 
1.62 
1.34 
1.43 
1.66 


2.42 
2.01 
2.42 
2.20 
2.39 
2.23 
3.01 
2.78 


2.42 
2.89 
3.68 
3.03 
8.26 
2.60 
2.76 
3.16 


2.65  3.24 
3.61 


2.98 
3.58 
3  04 
3.71 
2.60 
4.5U 
3.39 
4.37 
3.47 
4.07 

2.89 
3.34 

f^.in 

4.14 
5.38 
2.96 
2.59 
2.52 
3.85 
3.57 
1.96 
3.89 
3.87 
2.47 
3.80 


3.4<> 
2.86 


2.40 
2.78 
3.18 
2.22 
3.14 
3.94 
3.45 
2.96 

2.811 
3.15 
3.65 
3.88 
3.58 
3.11 


3.90 
3.93 
4.59 
3.84 
3.30 
4.36 
6.36 
4.16 
4.87 
2.36 

3.80 
3.80 
2.58 
3.49 
3.58 
3.74 
3.83 
4.61 
4.59 
5.33 

3.40 
3.25 
4.44 
4.45 
3.40 
4.19 


3.87|6.12 
3.4414.29 
8.3513.98 


2.8413.78 


I 


3.14 
3.85 
3.78 
3.40 
3.20 


3.70 
3.65 
4.35 
4.35 
2.88 


3.53 
3.50 
3.72 
3.84 
4.13 
3.91 
4.02 
3.31 
4.10 
4.31 

8.69 
2.79 
2.22 
3  20 
3.77 
3.20 
3  40 
3  81 
3.77 
2.68 

3.50 
2.25 
3.16 
2.13 
2.66 
3.12 
3.32 
3.42 


1.16 
2.69 
2.34 
2.94 
2.61 
2.68 
2.06 
2.02 
3.04 
2.53 

1.48 
1.97 
2.19 
1.78 
2.27 
2.24 
3.17 
1.88 
2.12 
3.66 

2.81 
2.68 
2.13 
2.18 
2.42 
2.89 
2.43 
3.58 


I 
2.41.2.15 

2.261.78 


3.62 
2.16 
2.56 
3.34 
3.67 


3.03 
2.19 
3,75 
3.30 
1.97 


1.28 
1.71 
3.86 
2.66 
2.30 
2.09 
1.60 
2.00 
2.27 
1.99 

2.20 
1.58 
3.59 
2.26 
1.85 
2.20 
2.67 
3.14 
1.66 


0.91 
1.66 
2.69 
1.51 
1.68 
1.92 
1.66 
1.71 
1.84 
2.04 

L.23 
1.91 
2.03 
1.16 
1.37 
1.53 
1.90 
2.13 
1.25 


2  03  1.04 

I 

3.20  1.36 
2.69  1.19 

2.21  1.79 


3.37 
2.42 
2.46 
2.13 
3.31 
2.13 
1.49 
2.63 
2.26 
2.68 
3.00 
3.12 


1.79 
1.62 
1.76 
1.90 
1.94 
1.90 
1.31 
1.85 
1.20 
2.67 
1.89 
2.07 


0.76 
0.80 
1.61 
0.98 
0.99 
0.92 
0.99 
1.08 
1.14 
1.08 

0.39 
1.10 
0.87 
0.81 
0.67 
1.00 
1.46 
1.27 
0.97 
1.04 

1.49 
0.90 
1.06 
1.73 
0.93 
1.28 
0.88 
1.36 
1.36 
0.64 
1.17 
1.00 
1.27 


0.28 
0.21 
1.86 
0.67 
0.76 
0.73 
0.64 
0.70 


18.43 
22.00 
31.01 
24.72 
26.64 
26.68 
24.60 
26.14 


0.93|  27.66 

I 

0.94  26.25 

0.64  23.48 

0.38 

0.63j22.34 
0.26)21.45 
0.68I22.3O 
0.37>24.51 
1.06129.24 


0.47 
0.36 


29.24 
25.47 


0.44|25.96 

0.9626.86 
0.4423.21 
1.2424.81 
1.22iS8.95 
0.57  26.66 
1.69  27.99 
1.14|  27.29 
1.17120.80 


1.02 
0.73 
0.64 
1.30 
1.66 


24.92 
21.51 
26.02 
26.07 
30.12 


1.0211.28)27.47 


1.14iO.S9 


26. 
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TABLE  OV.—Montlily  and  Annnal  Mean  Temperatnre  for  the  Tear  1897. 
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. 

• 
»4 

K 

Si 

>i 

». 

• 

JO 

Stations. 

nttar 

o 

E 

ja 

8 

C9 

•c 
5- 

• 

a 

• 

& 

t 

S 

s 

9 

(Si 

JO 

o 
O 


S 

o 


Q 


"3 

D 


Northern  Section. 
Ada 


Betnidji   

Crookston 

Detroit  City 

Duluth 

Koochiching 

*Uke  WinBebigoshish. 
Lambert 


-1.2 

-0.6 

1.9 

9.4 


1.2 
0.8 


•Leech  Lake  Dam -0.9 


Lutsen 

Moorhead 

Mountain  Iron 

Park  Rapids 

•Pine  River  Dam 

*Pokcgama 

Roseau 

•Sandy  Lake  Dam.... 

Tower 

Two  Harbors 


Middle    Section, 
Alexandria 


Bcardsley 

Bonniwetl 

Collegeville  ... 
Fergus  Kails.. 

Glenwood 

Lawrence 

Long  Prairie. 
Maple  Plain.. 

Miiaca 

Milan 

Morris, 

New  London. 

St.  Cloud 

St.  Olaf. 

Willmar 


10.2 
1.7 
2.7 
1.5 
3.5 
1.3 

-0.6 
3.7 
2.9 

11.3 

4.1 
4.6 
8.6 
8.4 
7.0 
3.6 
8.2 
4.6 
6.8 


4.9 
5.0 
2.6 
5.7 
4.4 
6.2 


6.0 

7.1 

7.0 

11.4 

18.6 

7.3 

10.1 

8.6 

9.1 

17-4 

7.6 

12.0 

10.6 

13.7 

9.1 

4.8 

12.9 

9.6 

19.3 

13.8 
11.6 
17.6 
18.0 
12.3 
13.8 


14.6 
18.2 
17.0 
12.0 
13.2 
14.2 
16.0 
12.8 
13.6 


13.7 
14.6 
13.6 
17.1 
21.8 
14.4 
17.9 
14.2 
17.8 
20.4 
14.5 
19.8 


44.6 
46.7 
45.6 
42.3 
40.0 
3S.8 
38.5 
40.2 
41.0 
35.8 
42.6 
39.2 


17.4  -H.O 


20.3 
17.8 
11.4 
20.2 
14.6 
24.3 

15.4 
15.9 
21.4 
22.6 
18.2 
19.1 


19.7 
22.0 
26.3 
17.0 
17.4 
16.4 
19.4 
18.4 
19.3 


42.2 
42.3 
39.4 
41.1 
35.5 
40.0 

42.4 
45.2 
45.8 
44.9 
4a.6 
42.6 
43.7 
43.0 
45.2 
44.4 
46.2 
44.0 
40.4 
41.4 
43.2 
44.1 


66.2 
55.9 
66.0 
58.2 
48.4 

•  ■••••■ 

51.0 
63.6 
51.4 
44.7 
56.1 
49.4 
61.6 
63.8 
60.8 

51.4 
5l».0 
47.0 

64.6 


61.6 
65.1 
61.4 
68.6 
64.2 


70.2 


70.0 
71.0 
66.4 


68.2 


67.968.0 


I 


56.1 
66.6 
56.5 


59.2 
68.6 
62.4 
62.8 
66.8 
67.4 
69.6 
57.3 

58.2 
54.7 
54.0 

60.5 
62.1 
62.9 
62.7 
62.4 


71.3 
69.2 
61.0 
70.3 
67.4 
69.2 
70.2 
68.3 
67.2 
69.6 
67.6 
64.0 

71.1 
70.6 
73.0 
72.8 
71.6 


64.6 
68.6 
68.6 
63.2 
63.8 
60.3 
62.3 
61.8 
62.1 
60.6 
63.9 
58.6 
61.1 
64.3 
60.3 


66.2 


55.4:62.4  72.2 

I 


64.4  70.8 
54.0  60.9  72.1 


56.2 


57.3 
67.0 
63.8 
63.8 
55.6 
55.0 


66.2 
51.0 


74.3 

73.8 


63.672.0 


63.6 
67.2 
61.2 
61.6 
62.8 


72.7 
71.4 
71.7 
71.0 
72.0 


61.5 
58.5 
62.5 


63.6 
69.0 
62.6 
60.6 
62.1 
60.8 
63.0 
67.1 
62.1 
59.6 
61.8 
62.0 
61.6 


47.4 


47.6 


62.4 
57.2 
60.7 


64  1  65.3 
63.6  67.6 
65.4  66.1 
65.6  66.4 


64.2 
64.2 
64.8 
63.9 
67.1 
67.8 
64.5 
65.8 
66.0 
64.8 
63.8 
64.4 


66.6 
66.6 


64.4 
67.3 

•  •  ■  ■ 

68.9 
66.0 
66.4 
64.3 
64.6 
66.2 


48.6 

46.0 

46.0 

46.8 

47.2 

46.8 

46.7 

42.8 

46.7 

47.3 

46.7 

43.9 

46.8 

40.1 

48.1 

49.6 
49.2 
62.1 
51.4 
49.4 


21.2 


52.0 
48.1 
52.6 

■■••••• 

50.4 
60.3 
48.6 

49.6 

• 

48.4 
49.8 


20.8 
21.5 
26.2 
18.8 
20.7 
20.0 
22.4 
25.8 
21.4 
17.6 
22.0 
24.0 
18.5 
17.0 
22.2 
18.4 
27.5 

26.6 
26.0 
29.4 
29.2 
25.0 
25.1 


25.0 
28.0 

24.1 
26.4 
25.5 
24.6 
25.0 
26.4 


7.4 


9.6 
5.6 

14.2 
6.4 
6.6 
6.0 
6.6 

16.2 
9.2 
3.2 
6.5 
8.4 
5.5 
4.0 
8.6 
3.8 

15.4 

10.7 
13.3 
13.8 
16.0 


38.2 


39.6 


11.6 


13.8 
13.0 
12.6 
12.6 
11.8 
9.0 
10.2 
12.3 


36.8 
36.9 
37.3 
87.2 
38.2 
36.8 
37.2 
39.1 
36.5 


38.2 
34.4 
39.5 

39.8 


42.6 
42.8 


43.0 


41.0 
41.2 
89.4 
40.1 
39.1 
40.9 


564 


METEOROLOGICAL  RECORD. 


TABLE  0V.--00iLt»]ia«d. 
Montlily  and  Annual  Mean  Temperature  fbr  the  Tear  1897. 


Stations. 


• 

o 

•-1 

• 

fr 

E 

1 

• 

a 

• 

• 

a 

B 

•-> 

• 

• 

p 
p 

• 

a 

! 

i 
1 

o 

• 

e 

o 
2 

• 

8 

p 
c 
p 
< 


5otitAem  Sectioa, 
Albert  Lea 


Bingham  Lake 

Bird  Island 

Blooming  Prairie 

Caledonia 

Camden 

Faribault 

Parmington 

Glencoe 

Grand  Meadow 

La  Crosse,  Wis 

Lake  City 

Lakeside 

*Le  Suenr 

Ln  Verne 

Lynd 

*Maplewood 

*Mazeppa 

Xiuneapolis— W.  D. 

—Vol.1 

•  •'         —Vol.2 


11.4 

10.8 

8.6 

9.8 

13.6 

9.0 

6.6 

7.0 

8.2 

10.4 

14.0 

12.6 

6.4 

8.9 

10.4 


13.2 

10.6 

8.6 

8.2 


•Minnesota  City 15.7 


20.2 
18.6 
16.0 
18.9 
21.8 
16.6 
18.8 
16.5 
13.2 
18.3 
22.0 
20.6 
14.6 
19.0 
17.6 


Montevideo 

•New  Richland 

New  Ulm 

Pleasant  Mounds.... 

Rolling  Green 

*Shakopee 

St.  Charles 

St.  PanI 

St.  Peter 

*Wabasha 

Worthington 

•Znmbrota 


6.4 
9.6 


16.8 
20.0 
19.2 
18.6 
23.1 
14.2 
18.7 


24.6 
32.0 
20.2 
24.6 
26.6 
21.2 
24.2 
20.9 
17.4 
23.6 
27.2 
25.2 
20.0 
24.5 
23.8 


45.7 
44.9 
44.0 
46.2 
45.2 
44.4 
42.8 
42.7 
44.3 
46.4 
45.9 
45.0 
48.4 
45.6 


45.1 

25.8  42.2 
24.7  46.4 
23.5  46.2 


23.4 
28.9 
17.8 
24.9 
23.1 
9.6:i7.9'23.6 


9.U,18.3 


9.3 

9.2 

12.6 

9.4 


12.7 

90 

10.5 


IS.O 
21.4 
20.0 
18.6 
23.8 
20.7 
16.2 
20.7 


22.6 
22.4 
24.6 
24.2 


26.4 
21.8 
25.6 


44.0 
47.4 
44.4 
460 
45.8 
46.0 
44.1 
47.5 
44.9 
45.8 


62.8 
66.0 
65.0 
66.6 
57.0 
65.3 
63.8 


54.6 
67.4 
67.1 
65.1 
66.7 
55.0 


47.9 
42.3 
44.7 


57.8 

56.4 

56.8J 

56.6 

54.9 

57.4 

57.3 

56.4 

57.0 

56.0 

56.3 

.'56.1 

56.4 

66.8 


65.2 
65.0 
63.0 
65.0 
65.2 


74.6 
71.4 
72.1 
73.2 


64.0;72.1 


75.6 
64.4 


67.2 
77.4 
66.4 


64.9  66.8 
65.8  67.1 


63.6 
61.6 


64.6 
66.7 
65.6 
640 
65.9 
65.1 


56.8 
55.6 
66.4 


64.4 
64.7 
64.4 
64.7 
63.4 
66.8 
62.8 
66.3 
65.5 
04.3 
64.0 
64.2 
65.0 
64.2 


65.0 
64.0 
64.9 


74.2 
70.6 
71.6 
78.0 
74.6 
73.3 
72.2 
73.7 
72.6 
72.5 
73.5 
76.6 
73.9 
73.8 
72.5 
73.1 
71.9 
73.6 
73.5 
71.7 
72.2 
74.8 
72.2 
73.8 
72.9 
73.2 
71.9 
73.8 


64.0 
06.6 
63.6 
64.8 
65.0 
66.6 
66.0 
64.8 
65.9 
64.3 
64.8 
65  9 
65.8 
66.4 
66.8 
63.6 
66.6 
66.3 


68.2 
68.2 
64.4 
67  0 
67  O 
68.0 
68.0 
65.8 
64.6 
67.8 
67.6 
66.7 
68.2 
67.9 
66.3 
64.6 
66.6 
67.8 


63.2 


60.6 
51.8 
54.6 
49.5 
52.8 
49.4 
51.8 
51.4 
65.2 
53.3 
50.0 
52.3 
61.5 
49.8 
51.7 


65.666.6 


65.4 


68.0 


53  4 
51.8 
50.3 
54.7 
51.5 
62.2 
51.6 
53.6 


65.8  68.2  5^.2 


67.1 
64.6 


I 


67.8,52.6 

I 
66.7  58.3 


I 


66.3  67.6 
65.8  67.6 


66.1 
64.0 


66.7 
68.4 


53.0 
55.2 
53.3 
52.0 
62.5 


30.2 
32.4 
27.7 
27.8 
80.5 
28.1 
29.3 
24.8 
28.8 
26.8 
32.7 
30.0 
26.8 
28.9 
29.8 
27.4 
29.8 


29.6 
28.6 
26.7 
81.1 
27.8 
29.9 
28.6 
31.0 
29.0 
29.6 
30.5 
29.3 
38.2 
30.2 
29.2 
28.8 


13.2 
16.0 
14.3 
18.0 
16.4 
16.1 
14.4 
11.6 
13.2 
10.0 


42.0 
42.8 
44.7 
42.6 
43.1 
40.6 


42.4 


16.8  45.6 
14.8  44.4 


13.2 
17.2 
16.6 
14.4 
16.4 


16.2 
16.2 
13.2 
16.8 
16.0 
13.2 
16.S 
16.0 
16.4 
16.1 
\S.C 
15.4 
17.8 
16.2 
16.2 
14.7 


41.6 
4S.S 
43.3 


44.1 
43.4 
41.9 
46.6 
41.8 
43.6 
43.5 


43.1 
44.1 
43.7 
48  7 


44.4 
42.5 
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TABLE  OVI.— MontUy  and  Annual  Precipitation  for  tlie  Tear  1897. 


Stations. 


p 


Northern  Section. 
Ada '. 


B«mi4jl — 

CrookBton 

Detroit  City 

Dalath ..... 

Koochicbing^. 

Lak«  Vinnibigotliish 

Lambert 

Leech  Lake  Dam.... 

Lutsen 

Moorhead 

Monntain  Iron 

Park  Rapids 

Pine  River  Dam 

Pokegama 

Roseau 

Sandy  Lake  Dam... 
Tower 


Two  Harbors 

Middle  Section. 
Alexandria 


Beardsley 

Bonniwell 

Collegeyille.... 
Fergus  Palls.. 

Glenwood 

Lawrence 

Long  Prairie. 
Maple  Plain.. 

Milaca 

Milan 

Morris 

New  London. 

St  Cloud 

St.  Olaf. 

Willmar 


0. 


0.37 
1.72 
1.48 


2.30 
0.85 
1.83 
2.41 
1.66 
8.30 
2.26 
2.79 
1.74 
1.61 
2.18 
1.92 
1.94 
2.16 
1.83 
1.12 
1.22 
1.64 
1.50 
2.75 
1.62 
2.26 


4.80 
1.42 
2.66 
2.76 
1.69 
1.77 


P 

I 


0.74 
2.10 
2.30 
1.07 
2.21 
2.36 
1.6'J 
1.40 
1.97 
1.82 
1.62 
3.00 
1.66 
2.67 
1.73 
1.14 
2.46 
1.90 
2.68 
1.89 
0.82 
0.74 
0.64 
0.91 
0.94 
1.46 
0.73 
1.34 
2.70 
1.32 
1.26 
0.80 


at 

A. 

0.33 
1.40 
0.94 
1.44 
1.34 
2.66 
1.68 
1.01 
1.00 
1.81 
1.34 
0.70 
1.10 
2.17 
2.16 


2.18 
1.60 
2.32 
1.61 
1.13 
2.62 
2.60 
1.46 
1.61 


1.61 
4.22 
1.36 
1.79 
2.60 
2.70 


•c 
< 

0.70 
0.90 
0.39 
1.76 
0.72 
0.28 
1.03 

t 
1.46 
1.18 
0.92 
0.20 
2.00 
1.39 
1.63 
0.24 
0.63 
0.70 
1.18 
1.67 
1.76 
1.30 
1.25 
1.33 
2.49 
0.10 
1.67 
1.38 


s 


p 


p 

±3_ 


P 


I- 

V 

fit 

B 

a 


t 

o 

o 
O 


u 

e 

► 
o 


s 


p 
a 
a 


0.48 
0.03 
1.21 
1.34 
1.63 


1.13 
0.67 
0.98 
2.47 
0.80 
1.88 
1.06 
1.33 
1.50 


1.89 
1  60 
2.66 
0.69 


1.40,4.63 

I 

1.52  1.68 


0.66 


1.57 


2.29 
2.53 
0.93 
1.56 
1.36 


0.66 
1.48 
1.62 
1.22 


1.56 
1.45 
3.50 
0.86 
0.90 
1.75 
1.96 
0.77 


5.96 
8.70 
3.93 
6.61 
3.48 


4.82 
3.86 
6.98 
2.61 
7.42 
3.27 
7.49 
5.88 
6.01 
2.04 
6.43 
3.00 
4.07 
6.50 
6.64 


7.83 
8.60 
8.45 
7.93 
9.29 


1.53 
1.40 
1.15 
0.95 
3.91 


6.18  2.41 
9.87  2  32 


4.88 
4.86 
5.94 
2.84 
5.76 
6.26 


0.84  2.01 


6.74 
5.12 
6.18 
6.77 
6.68 
7.88 


9.80 

6.00 

9.99 

8.02 

8.75 

1U.16 

8.02 

7.63 

6.58 

13.41 

9.50 

9.b9 

8.19 

5.35 

6.62 

6.84 

3.00 

8.37 

5.36 

5.09 

4.91 

12.81 

3.48 

9.30 

5.28 

13.81 

4.28 

6.69 


1.18 
2.18 
2.86 
b.88 
4.38 
1.12 
1.20 
3.87 


1.66 

4.65 

4.11 

2.12 

2.01 

1.68 

2.71 

1.97 

5.56 

0.90 

1.21 

2.48 

1.37 

0.30 

1.11 

1.02 

2.48 

2.44 

5.25 


1.10 
0.70 
1.02 
1.00 
3.14 
0.20 
0.61 
0.79 
1.12 
2.58 
0.94 
2.12 
0.43 
1.71 
1.29 


2.04 

1.60 

3.72 

3.78 

1.93 

6.60 

3.45 

0.58 

4.00 

0.29 

0.28 

2.69 

3.61 

0.86 

3.60 

2.08 

4.18 

0.94 

3.39 


1.09 


1.33 
2.05 
2.11 
2.12 
1.27 
0.55 
1.49 
2.39 
1.84 
2.24 
1.27 
144 
1.27 
1.57 
1.33 
2.05 
2.86 
1.36 
2.50 
2.00 
1.12 
1.85 


1.04 
1.66 


0.04 


0.20 
0.20 
0.78 
0.73 
0.40 
0.10 
0.24 
0.87 
0.28 
0.26 
0.38 
0.63 
0.36 
0.77 
0.32 
1.30 
0.52 
0.43 
0.71 
0.88 
0.35 
0.28 
1.03 


0.22 


0.52 
1.01 


0.25 

t 
0.85 
0.71 
0.60 
0.66 
0.59 
0.48 
0.28 


0.62 
0.40 
0.67 
0.57 
0.60 
1.00 
0.62 
0.13 
0.39 
0.13 
0.04 
0.61 
0.45 


20.46 


21.54 
26.06 
30.94 


27.56 
20.76 
26.44 
31.37 
25.80 


29.43 
29.43 
28.24 

••••■■•a 

34.01 
30.72 
86.36 
28.^7 


26.18 
20.01 


1.12 
1.47 
0.40 
1.69 
1.88 
0.16 


0.63 
0.38 
0.32 
0.60 
0.22 
0.10 


0.10 
0.24 
0.29 
0.42 
0.06 

t 
0.28 
0.26 
0.65 


20.98 
29.90 


23.50 
29.62 
24.01 
41.01 
28.36 
29.76 


fTrace,  when  precipitation  ia  less  than  ,0X  Qf  an  inch, 
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TABLE  cyi.--Oonti]iaed. 
MontUy  and  Annnal  Precipitation  for  the  Tear  1897. 


Stations. 


8 


•c 


at 

s 


0 


Southern  Section. 
Albert  Leo 


9 
< 


Ji 

■^    I    o 


g 

O 

Z 


V 

E 

Q 


s 
a 
c 
•< 


9ird  Island 

Blooming;  Prairie... 

Caledonia 

Camden 

Faribanlt 

Farming^on 

Glencoe 

Grand  Meadow , 

Lacrosse,  Wis 

Lake  City 

Lakeside 

Le  Snenr 

Ln  Verne: 

Lynd 

Maxeppa 

Minneapolis— W.B 
—Vol.1 
—Vol.2 

Minnesota  City.... 

Montevideo 

New  Ulm 

Pleasant  Mounds... 

Rolling  Green 

Shakopee 

Spring  Park 

St.  Charles 

St.  Paul 

St.  Peter 

Wabasha 

Worthington 


3.02 
1.49 
1.10 
2.48 
2.18 
1.20 
1.77 
1.21 
0.86 
1.66 
0.63 
1.30 
1.80 
1.06 


0.60  2.70 
0.60  2.04 


1.60 


0.04 


1.7S 


0.40 
1.66 
1.66 
1.68 
2.01 
1.68 
2.06 
1.67 
1.90 
1.66 


2.26 
2.16 
1.16 
2.08 


0.61  1.80 

0.49!l.22 

0.46  2.06 

I 
1.36,3.32 

0.21|2.26 

O.95I0.76 

1.39)1.61 
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The  College  of  Agriculture. 


THE  FACULTY. 


(Jyrus  Northrop,  L.L.  D.,  President, 

William  M.  Liggett.  J>ean. 

Samuel  B.  Green,  B.  S.,  Professor  of  Horticulture, 

Otto  Lugger,  Ph.  D.,  Pwfessor  of  Entomology, 

Henry  W.  Brewster,  Ph.  D.,  Professor  of  MatJiematics. 

Harry  Snyder,  B.  S.,  Profssor  of  Agiicutural  Chemistry. 

T.  L.  Haecker,  Professor  of  iJairy  Hvsbandry. 

M.  H.Reynolds,  M.  D.,  V.  M.,  Professor  of  Veterinary  Medicine 
and  Surgery, 

WiLLET  M.  Hays,  M.  S.,  Profess(yr  of  Agriculture, 

Thomas  Shaw,  Professor  of  Animal  Husbandry, 
Note. — The  instruction  not  given  by  the  faculty  of  the  collge  of 
agriculture  is  given  by  the  faculty  of  the  college  of  science,  literature 
and  the  arts. 

PUKPOSE  AND  SCOPE. 

The  college  course  in  agriculture  is  a  thoroughly  scientific  course 
emphasizing  the  sciences  9f  botany,  chemistry,  physics  and  geology, 
and  requiring  during  the  freshman  and  sophomore  years  at  least  two 
terms'  work  in  each  of  them. 

The  course  naturally  divides  itself  into  two  parts  of  two  years 
each,  the  first  part  giving  but  little  opportunity  for  the  election  of 
studies,  and  the  latter  part  making  all  studies  elective. 

At  the  beginning  of  the  third  term  of  the  freshmen  year  the 
student  elects  two  of  the  four  sciences  named  as  majors  and  pursues 
them  through  the  remaining  four  terms  of  the  freshman  and  sopho- 
more years.  The  other  two  he  pursues  two  terms  each,  as  minors,  and 
thus  carries  three  scientific  studies  through  each  of  these  four  terms. 

The  technical  agricultural  subjects  follow  in  the  junior  and  senior 
years,  throughout  which  the  student  elects  as  a  specialty  either  one  of 
his  major  sciences  in  some  of  its  different  forms  or  some  technical 
agricultural  subject  with  reference  to  which  specialty  all  other  studies 
are  elected. 

No  classics  are  required,  for  the  reason  that  the  three  modern 
languages,  German,  French  and  Scandinavian,  are  of  more  value  to 
the  student  of  scientific  agriculture. 

The  elective  studies  in  the  last  two  years  of  the  course  give  oppor- 
tunity for  liberal  culture  in  art,  literature  and  philosophy,  and  for 
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becoming  proficient  in  scientific  research  work  in  some  of  the  many 
problems  pressing  for  solution  in  the  deyelopment  of  the  state  and 
national  agricultural  experiment  stations. 

REQUIREMENTS  FOR  ADMISSION. 

Candidates  for  admission  to  the  freshman  class  are  required  to 
show  attainment  equal  to  that  represented  by  the  certificate  of  grad- 
uation from  the  school  of  agriculture.  Graduates  of  the  school  of 
agriculture  who  have  completed  the  studies  required  for  entrance  to 
this  college  course  are  admitted  on  presentation  of  their  certificates. 

Graduates  from  state  high  schools  may  be  admitted  to  the  fresh- 
man class  after  spending  a  year  in  the  school  of  agriculture  pursuing 
such  studies  as  the  faculty  may  require.  Before  graduation,  all  of 
the  work  required  in  the  school  of  agriculture  must  be  completed. 

REQUIREMENTS  FOR  GRADUATION. 

After  the  completion  of  the  prescribed  course  of  study ,  including 
all  of  the  required  work  and  the  requisite  amount  of  elective  work, 
students  will  be  recommended  for  graduation  with  the  degree  of  bach- 
elor of  agriculture. 

FRESHMAN  YEAR. 

FIRST  TERM.  SECOND  TERM.  THIRD  TERM. 

Drawing,  4.  Drawing,  4>.  ChemiBtry,  4. 

English,  4.  Mathematics,  6.  Botany,  4. 

j  Solid  Geometry,  4,  S  Botany,  4.  Zoology,  4. 

)  or  Higher  Albebra.  6.  1  or  Zoology,  4.  Physics.  4. 

German,  B.  5.  German,  B.  5.  German,  B.  4. 

Drill,  2.  Drill,  2.  Drill,  2. 

Rhetorical  Work,  1.  Rhetorical  Work,  1.        ^  Rhetorical  Work,  1. 

SOPHOMORE  YEAR. 

FIRST    TERM.  SECOND  TERM.  THIRD  TERM. 

Botany,  4.  (  Botany,  4.  Chemistry,  4. 

Zoology,  4.  •<  or  Zoology.  4.  Physics,  4. 

ChemistrT,  4.  ( or  Mathematics,  4.  Botany.  4. 

German  B.  4.  Chemistry,  4.  Zoology,  4. 

PhTSics,  4.  Physics.  4.  German  B.  4. 

DrCll.  2.  German  B.  4.  Drill.  2. 

Rhetorical  Work,  1.  Drill,  2.  Rhetorical  Work,  1. 

In  electing  from  chemistry,  physics,  botany  and  zoology  the  student  is  re- 
quired to  take  the  long  course  in  two  and  the  short  course  in  the  other  two. 

JUNIOR  YEAR. 

FIRST  TERM.         SECOND  TERM.         THIRD  TERM.  ' 

Veterinary  Science,  4.  Veterinary  Science.  4.  Horticulture,  4. 

Agricultural  Chemistry,  4.   Agricultural  Chemistry.  4.       Animal  Industry.  4. 
Feeding,  4.  Dairying,  4.  Entomology,  4. 

Forestry,  4.  Agricultural  Chemistry,  4. 

Entomology,  4.  Veterinary  Science,  4. 

Agricultural  Engineer'ng,  4 

SENIOR  YEAR. 

Field  Agriculture,  4.  Farm  Economics,  4.  Field  Agriculture,  4. 

Horticulture,  4.  Farm  Architecture.  4.  Dairying,  4.. 

Agripqjti^rftl  Chemistry,  4.     Agricultural  Chemistry,  4.  Forestry,  4. 

Veterinary  Science,  4.  Veterinary  Science,  4. 
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In  the  junior  and  senior  years  students  are  required  to  elect 
twelve  of  the  above  subjects.  They  are  also  required  to  elect  an 
equivalent  amount  of  work  from  the  foUowins:  list  ^iven  in  the  col- 
lege of  science,  literature  and  arts:  animal  biology,  physics,  botany, 
mathematics,  English,  English  literature,  geology,  minerology,  politi- 
cal economy,  history,  astronomy,  pedagogy,  psycology,  history  of 
philosophy,  social  philosophy,  French,  German,  Scandinavian.  The 
elective  work  is  subject  to  the  approval  of  the  faculty.  Students  are 
advised  to  continue  at  least  one  of  the  lines  of  work  offered,  through 
the  junior  and  senior  years. 

COURSES  OF  INSTRUCTION. 

AGRICULTURE. 

A  portion  of  the  work  in  agriculture  is  in  the  form  of  lectures. 
The  writing  of  papers  on  special  subjects  is  made  a  feature.  Research 
work  is  arranged  for  in  many  cases,  and  practice  work  on  the  farm 
and  in  the  laboratory  is  provided.  The  courses  of  study  are  arranged 
for  at  such  times  of  the  year  as  will  best  suit  the  students  in  the  de- 
partment. The  aim  is  to  have  students  get  experience  in  field  agricul- 
ture, both  practical  and  experimental  and  in  demonstration  instruc- 
tion. The  work  is  a  continuation  of  the  agricultural  studies  in  the 
school  of  agriculture,  each  subject  being  here  treated  from  the  more 
technical  standpoint. 

CiMTse  /.  Field  crops  and  seeds.  Cereals,  forage  crops,  root  crops, 
sugar  crops,  miscellaneous  crops,  pastures,  meadows. 

Course  IL  Field  experimeiitfUion  and  breeding  field  crops.  Where  possi- 
ble practical  experience  is  provided  for  a  portion  of  the  work  of 
this  course. 

Course  III.  Agricultural  engineering.  Selecting  farms,  deciding  upon 
systems  of  farming,  planning  farms,  subduing  new  soils,  farm 
buildings,  fences,  roads,  tillage,  irrigation,  and  implements  and 
machinery. 

Course  IV.  Farm  economics.  Field  management,  rotation,  weeds, 
labor,  prices,  purchases  and  sales,  farm  finances,  the  permanent 
farm  investment,  agricultural  pedagogics. 

Additional  courses  in  special  lines  may  be  arranged  for  upon 
application. 

The  University  experiment  farm,  consisting  of  two  hundred  and 
fifty  acres  of  most  valuable  land,  is  located  between  St.  Paul  and 
Minneapolis  three  miles  from  the  campus  of  the  University,  and  ad- 
joins the  state  fair  grounds.  It  contains  a  large  variety  of  soils  and 
exposures  and  is  well  adapted  to  the  work  of  the  experiment  station 
and  the  instruction  in  agriculture.  The  farm  buildings  and  the  fields 
are  well  arranged  for  experiments  and  instruction  in  the  various  tech- 
nical agricultural  subjects. 
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AGRICULTURAL  CHEMISTRY. 

Either  two  or  four  terms  of  chemistry  are  required,  and  after  com- 
pletiilg  the  required  work  any  of  th&  special  courses  in  agricultural 
chemistry  may  be  elected . 

Course  I.  In  the  spring  term  of  the  freshmaa  year  the  subject  of 
general  chemistry  is  pursued.  This  work  is  a  continuation  of  the 
first  term's  work  in  chemistry,  as  given  in  the  school  of  agricul- 
ture. The  work  consists  of  lectures  and  recitations.  Remsen'.s 
advanced  course  in  chemistry  is  used  as  a  text-book.  Particular 
attention  is  given  to  the  study  of  those  elements  and  compounds 
which  are  of  the  most  importance  in  agriculture. 

Course  II.  In  the  fall  terra  of  the  sophomore  year  the  student  begins 
the  subject  of  qualitative  analysis.  This  course  is  arranged  to 
meet  the  special  wants  of  agricultural  students  and  is  completed 
the  second  term  of  this  year.  The  qualitative  analysis  of  insolu- 
ble substances  is  emphasized.  The  student  spends  three  two 
hour  periods  each  week  in  the  laboratory,  and  one  period  is 
devoted  to  a  lecture  and  a  recitation-  The  students  are  required 
to  write  all  of  the  chemical  reactions  and  to  explain  the  separa- 
tions involved. 

Course  III.  In  the  spring  terra  of  the  sophomore  year  an  elementary 
course  in  quantitative  analysis  is  given.  This  work  includes  the 
gravimetric  determination  of  iron,  the  determination  of  iron  by 
the  bichromate  method,  the  determination  of  sulphuric  anhydrid 
acidimetry,  alkalimetry,  the  determination  of  "phosphoric  anhydrid 
and  of  calcium  oxide.  t 

Course  IV.  The  rkemistry  of  farm  piy)du/:ts.  Lectures,  one  term,  4 
hours  per  Week.  This  course  relates  to  the  chemistry  of  produc- 
tion and  use  of  farm  products.  The  ash  elements,  their  import- 
ance and  functions,  and  the  extent  to  which  they  are  present  in 
agricultural  plants;  the  organic  compounds,  found  in  plants  and 
animals;  their  functions  and  uses  for  food  purposes;  the  chemistry 
of  fermentation,  germination,  and  the  factors  which  influence  the 
growth  and  composition  of  farm  crops;  the  composition  of  human 
food  stuffs,  and  special  topics  relating  to  the  cheraistry  and 
economy  of  human  foods;  and  the  chemistry  of  animal  nutrition 
are  some  of  the  more  important  topics  which  are  considered. 

Course  V.»  Th;  chenmtry  of  soils  and  fertilizers.  Lectures,  one  term,  4 
hours.  This  course  consists  of  lectures  treatiner  of  the  various 
sources  of  plant  food,  the  forms  of  food  which  are  the  most 
valuable  to  growing  crops,  the  amount  of  food  which  crops 
require,  and  the  power  which  crops  possess  for  obtaining  their 
food  from  the  soil.  The  subject  of  soil  exhaustion  and  soil  im- 
provement is  the  basis  of  this  term's  work.  The  size  of  the  soil 
particles,  and  their  relation  to  crop  production,  the  composition 
and  characteristics  of  farm  manures,  and  commercial  fertilizers, 
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the.  subject  of  nitrification  and  the  laws  which  govern  the  increase 
and  decrease  of  the  soil  nitrogen,  the  organic  compounds  of  the 
soil  and  the  part  which  they  take  in  soil  fertility  are  some  of  the 
topics  which  are  studied. 

Course  VI.  The  analysis  of  agricultural  products.  This  course  consists 
mainly  of  laboratory  practice,  and  includes  the  separation  and 
determination  of  the  various  compounds  found  in  plants  and 
animals.  Ample  facilities  are  offered  in  the  practical  lines  of  this 
work  inasmuch  as  numerous  chemical  analyses  are  always  in 
progress  in  the  experiment  station  laboratory.  The  work  includes 
the  analysis  of  milk,  butter,  cheese,  fodders,  grains,  milled  pt'od- 
uets,  roots  and  tubers,  including  sugar  beets.  The  work  begins 
with  the  determination  of  the  nitrogen,  including  the  pentosans, 
starches,  fats,  and  other  organic  compounds.  After  making  these 
various  determinations  the  student  is  required  to  make  a  complete 
proximate  analysis  of  some  food  material.  The  adulteration  of 
agricultural  products,  and  the  methods  employed  to  detect  adulte- 
ration forms  a  prominent  part  of  the  work.  The  analysis  of 
water  for  household,  stock,  and  irrigation  purposes  is  taken  up. 
This  course  extends  through  three  terms,  4  laboratory  periods  per 
week,  and  is  open  to  all  students  who  have  completed  the  required 
work  in  quantitative  analysis. 

Course  VII.  The  analysis  of  soils  and  fertilizers.  This  course  extends 
through  two  terms,  and  includes  tl\e  study  of  the  methods  em- 
ployed in  soil  investigations.  The  chemical  analysis  of  soils  and 
the  separation  and  determination  of  the  various  sized  soil  parti- 
cles, as  sand,  fine  sand,  silt,  fine  silt,  and  clay  form  an  important 
part  of  the  work.  Practice  is  also  given  in  the  methods  of  ferti- 
lizer analysis. 
Courses   VI  and  VII  are  intended  for  those  students  who  wish  to 

make  a  specialty  of  the  subject. 

ANIMAL  HUSBANDRY. 

Course  I.  Animal  In'eeding.  Under  this  head  lectures  are  given  on  the 
laws  which  govern  breeding.  The  principles  are  considered  upon 
which  a  standard  of  excellence  is  based  and  various  standards  are 
compared.  Heredity  in  its  various  features  is  discussed,  not 
only  with  reference  to  characteristics  that  are  normal,  but  also 
with  refer^jnce  to  those  that  are  abnormal  and  acquired.  Careful 
consideration  is  given  to  the  heridity  of  diseases.  The  law  of 
correlation  is  dwelt  upon.  Prepotency  is  discussed  especially 
from  the  standpoint  of  practical  utility.  The  good  and  evil  that 
may  result  from  in-and-in-breeding  and  line  breeding  are  pointed 
out.  Fecundity  and  the  influences  which  affect  it  are  examined. 
The  relative  influence  of  parents,  the  influence  of  a  previous  im* 
pregnatlon,  intra-uterine  influences  and  those  that  affect  the  deter- 
nainatlpq    pf    sex   are  discussed,    The  many    and   far-reaching 
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influences  Qf  nutrition  are  dwelt  upon  and  quality  in  live  stock, 
the  coat  and  influences  which  affect  it,  and  the  outcome  of  artiflcial 
conditions  generally  are  gone  over  with  much  care.  Early 
maturity,  pedigree  and  animal  form  as  an  index  of  qualities  are 
defined  and  their  great  practical  value  is  shown.  The  art  of 
selection  i^eceives  special  attention.  Cross-breeding,  grading,  the 
formation  of  breeds,  and  the  influences  of  environment  are  care- 
fully considered. 

Course  IL  Feeding  animals.  The  question  of  feeding  is  considered 
from  both  the  scientific  and  the  practical  standpoints.  The  foun- 
dation for  succeeding  lectures  is  laid  by  first  considering  some 
important  principles  which  govern  feeding.  Feeding  ratios  and 
nutritive  ratios  are  next  discussed  and  these  are  followed  by 
lectures  on  feeding  stuffs  and  the  different  methods  of  preparing 
foods  for  feeding.  Then  follows  the  feeding  and  management  of 
cattle  treated  chiefly  from  the  practical  standpoint.  Lectures  are 
given  on  rearing  calves  during  the  milk  period  and  store  animals 
from  the  weaning  to  the  finishing  period;  on  finii^hing  for  the  block 
on  grass,  also  in  the  stall;  on  the  selection  and  care  of  both  males 
and  females  of  the  best  breeds,  and  on  stabling  suitable  for  cattle. 
Similarly  the  feeding  and  management  of  sheep  and  swine  are 
considered.  Careful  attention  is  given  to  the  discussion  of  wool 
and  its  properties  and  to  sheep  for  wool  production,  for  mutton 
production,  and  for  both  uses  combined. 

Course  III,  Pasturing  live  stock.  Lectures  are  given  with  reference  to 
the  production  of  pasture  other  than  grass  suitable  for  the  various 
classes  of  domestic  animals  kept  on  the  farm.  The  most  approved 
methods'  of  pasturing  these  are  also  discussed.  In  these  lectures 
every  opportunity  available  is  embraced  of  illustration  by  direct 
reference  to  living  animals  and  an  examination  of  the  various 
kinds  of  food  more  commonly  used  in  feeding  them. 

DAIRY  HUSBANDRY. 

In  the  month  of  January,  during  the  second  term  of  the  junior 
year,  students  will  receive  a  course  of  lectures  covering  the  breeding, 
rearing  and  management  of  dairy  stock,  the  points  and  characteris- 
tics essential  in  animals  intended  for  the  dairy,  the  feeding  of  dairy 
cows,  co-operative  dairying  and  the  manufacture  of  butter  and  cheese, 
with  special  references  for  commercial  purposes. 

During  the  spring  term  of  the  junior  year  a  special  study  is  made 
of  the  influence  and  bearing  of  the  number  and  size  of  butter  globules 
and  the  effects  of  the  other  constituents  in  milk  on  the  efficient  cream- 
ing of  milk  and  churning  of  cream;  the  relation  of  breeds  and  types  to 
cost  of  milk  production;  field  practice  work  in  judging  and  selecting 
dairy  stock  and  practice  work  in  ripening  cream,  churning  and  pack- 
ing butter  and  making  cheese  especially  adapted  for  domestic  manu- 
facture. 


I 
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ENTOMOLOGY. 
The  study  of  entomology  will  be  of  a  practical  nature  and  only 
sufficient  work  will  be  gi^en  in  dissecting  and  classifying  insects  to 
enable  the  students  to  recognize  them  as  being  useful,  injurious  or 
indifferent  to  agriculture  and  horticulture.  The  various  artificial 
remedies  and  insecticides,  known  to  be  of  benefit  will  be  discussed,  as 
well  as  natural  remedies  based  upon  the  life-history  of  the  insects. 
Injurious  and  beneficial  insects  found  in  Minnesota  will  be  consid- 
.ered,  with  a  view  of  fighting  the  former  and  protecting  the  latter. 
The  relationship  existing  between  insects  and  man,  between  insects 
and  insects,  and  between  insects  and  plants  will  be  studied  in  detail. 
Students  wishing  to  make  a  special  study  of  economic  entomology  can 
find  work  in  the  laboratory  during  the  summer,  providing  they  show 
aptitude  for  such  work  and  already  possess  the  preliminary  training. 

HORTICULTURE. 

The  study  of  horticulture  is  embraced  under  the  following  courses: 
Course  I.  Fruitgrowing.  Lectures  one  term.  The  study  of  the  geogra- 
phy of  fruit  growing,  outlook  for  fruit  growing,  planting,  tilling 
and  fertilizing  of  fruit  lands:  diseases  and  insects  injurious  to 
fruits,  spraying;  harvesting  and  marketing  of  fruit;  varieties  of 
fruits. 
Course  IL  Vegetable  gromng.  Lectures  one  term.  Geography  of  veg- 
etable growing,  tilling  and  fertilizing  vegetable  lands;  irrigation 
and  rotation  of  crops;  seed  growing  and  seed  testing;  vegetables 
under  glass,  pollination:  diseases  and  insects  injurious  to  veget- 
ables and  their  prevention;  harvesting  and  marketing;  varities 
of  vegetables. 
Course  III,  G-reenhouses  and  their  management.  .Lectures  and  labora- 
tory work;  greenhouse  instruction  and  management;  temperature, 
soil,  watering,  benches;  propagation  by  seeds,  cuttings,  layers  and 
graftage;  diseases  and  insects  injurious  to  vegetables  and  their 
prevention;  rest  and  growth  periods  of  plants;  plants  for  green- 
house cultivation. 

Course  IV.  Nursery  work.  Lectures  and  laboratory  work.  Seedage; 
layerage;  cuttage;  graftage;  planting;  pruning;  thinning;  storage 
of  nursery  stock;  tillage  of  nursery  lands;  insects,  diseases 
injurious  to  the  nurseries  and  their  prevention. 

Course  V.  Plant  breeding.  Lectures  and  laboratory  work.  The  fact 
and  philosophy  of  variation;  crossing  of  plants;  origination  of 
domestic  varieties. 

FORESTRY. 

The  study  of  forestry  is  included  under  two  courses: 
Course  I.    I^ectures.    The  forestry   situation   in  this  country  and  its 
literature;   lumbering  in  Minnesota;  forest  influences;  forest  sup- 
plies; forest  management;  prairie  forestry. 
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Course  II.  Ledures  and  field  work.  Characteristics  of  forest  and  orna- 
mental  trees  that  are  hardy  in  Minnesota;  their  value  for  timber 
and  other  purposes  and  methods  of  propagation. 

MATHEMATICS. 

Mathematics,  as  pursued  in  the  college  of  agriculture,  aims  pri- 
marily at  mental  discipline  and  only  secondarily  at  application  to 
lines  of  practical  work. 

Algebra,  as  a  means  for  acquiring  fixed  attention,  penetrating 
i^nalysis  of  abstract  thought  and  a  comprehensive  grasp  of  logical 
relations,  is  required,  as  given  in  any  standard  elementary  treatise. 

Geometry,  as  a  discipline  for  clear  perception,  accurate  statement 
and  logical  inference,  is  required,  both  plane  and  solid. 

Trigonometry  is  required,  both  as  a  mental  descipllne  and  for 
application  to  practical  work  in  surveying. 

VETERINARY  MEDICINE  AND  SURGERY. 

The  work  in  this  department  extends  over  thres  terms  in  the  junior 
year  and  one  term  in  the  senior  year.  Instruction  is  given  by  text- 
book, lectures,  collateral  reading  and  by  cllnlbal  work  in  the  hospital. 
The  lectures  are  illustrated  by  means  of  skeletons,  manikins,  charts 
and  by  the  living  animal  In  actual  practice.  Anatomy  of  the  digestive 
organs  and  the  higher  physiology  of  digestion  are  given  prominence 
in  this  work. 

Theory  and  practice  of  medicine  are  carried  further  than  in  the 
school  of  agriculture  course.  Infectious  diseases  of  domestic  animals 
are  studied  with  special  reference  to  causes,  recognition,  prevention 
and  methods  of  control.  Certain  medicines  which  the  intelligent 
stockman  should  understand  are  studied  with  reference  to  uses,  doses 
and  methods  of  administration. 

Four  courses  are  offered,  each  covering  one  term  and  counting  as 
one  credit  when  finished. 

Course  7.  This  is  a  continuation  of  last  term's  work  in  the  school  of 
agriculture  and  includes  an  advanced  study  of  the  veterinary 
physiology  of  digestion,  taking  up  the  digestive  fluids;  digestion 
of  grains  and  fodders;  absorption  in  general  and  nervous  mechan- 
ism of  digestion.  It  also  includes  a  study  of  body  nutrition, 
body  incomes  and  expenditures,  including  sources  of  heat  supply 
and  heat  loss,  and  metabolism. 

Course  II.     I'he  muscular  system^  including  general  results  of  contrac- 
tion, muscle  currents,  muscle  fatigue  and  laws  of  muscular  work. 

The  nervovs  system,  including  irritability  of  nerves,  electric  phenom- 
ena of  nerves,  reflex  action,  cranial  nerves  and  sympathetic 
nervous  system. 

This  course  also  includes  the  physiology  of  the  skin  and  nitrogen 
excreting  apparatus:  and  a  study  of  the  locomotor  apparatus,  in- 
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eluding  shoeing,  diagnouls  and  the  treatment  of  common  forms  of 
lameness. 

« 

Veterinary  Physiology  by  F.  Smith  is  used  as  text-book  and  guide 
for  this  work  in  courses  one  and  two;  but  students  are  required  to 
do  collateral  reading  and  original  investigation. 

Course  III.  This  course  Includes  symptoms  and  recognition  of  com- 
mon diseases,  common  medicines  in  their  doses,  uses,  dangers  and 
methods  of  administration.  During  this  course  Veterinary 
Therupeutics  and  Pharmaceology  by  Wallace  Hoare  and  Veteri- 
nary Medicines  by  FinlayDunn  are  used  as  text-books  and  guides. 

Course  IV.  This  course  includes  a  study  of  common  diseases  of  farm 
stock,  as  to  causes,  prevention,  diagnosis  and  treatment. 

EQUIPMENT. 

LIBRARY. 

The  library  of  the  college  of  agriculture  contains  about  four  thou- 
sand bound  volumes,  and  nearl3*  four  thousand  pamphlets.  The  sep- 
arate libraries  of  the  school  of  agriculture,  experiment  station  and 
college  of  agriculture  have  all  been  consolidated,  and  the  consolidated 
library  now  forms  a  part  of  the  general  University  library.  The 
reports  of  the  various  State  Boards  of  Agriculture  and  Experiment 
Stations  are  all  kept  on  file,as  well  as  many  of  the  more  important  periodi- 
cals relating  to  agriculture.  <  The  library  is  being  equipped  with  the 
view  of  making  it  a  reference  library  for  agricultural  work.  A  com- 
plete file  of  some  of  the  more  important  foreign  agricultural  periodi- 
cals as  Versuchs- Stationer,  Biedermann's  Centasblatt,  Annales  d 
rSociete  agronomique,  and  the  Journal  of  the  Royal  Agricultural 
Society  of  England. 

MUSEUM. 

The  general  museum  is  at  present  chiefly  an  agricultural  one,  con- 
taining collections  of  animals  and  plants  arranged  in  such  a  manner 
as  to  show  their  economic  relations  to  the  farmer  and  fruit  grower. 
It  is  rapidly  growing  and  of  great  value  to  the  students.  The  entomo- 
logical collections  of  the  museum,  and  Dr.  Lugger's  private  collec- 
tions are  very  valuable  and  contain  a  very  large  number  of  insects  of 
all  orders,  and  all  are  available  for  the  use  of  advanced  students. 

THE  FARM  STUDENTS'  REVIEW.   - 

The  Alumni  Association  of  the  School  of  Agriculture  is  publish- 
ing an  agricultural  paper,  the  Farm  Students'  Review,  which  is  now 
in  its  third  year.  This  is  proving  a  most  important  agency  in  the 
development  of  the  department  and  of  agriculture  in  Minnesota. 
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FACULTY. 


Cyrus  Northrop,  LL.  D.,  President. 
William  M.  Liggett,  Dean. 

Henry  Webb  Brewster,  Ph.  D.,  Principal,  Mathematics. 
Samuel  B.  Green,  B.  S.,  HoiiicuUure,  Forestry. 
Otto  Lugger.  Ph.  D.,  Zoology ^  Entomology. 
Charles  R.  Aldrich,  Carpent)'y.  Drawing,  Fann  Buildings. 
Florence  A.  Brewster.  Librarian. 
William  A.  Robertson,  B.  S.,  Physics,  Botany. 
J.  A.  Vye,  Penmanship,  Accounts. 
Harry  Snyder,  B.  S.,  Chemistry. 
T.  L.  Haecker,  Dairy  Husbandry. 

M.  H.  Reynolds,  M.  D.,  V.  M.,  Physiology,  Vetennary  Science. 
WiLLET  M.  Hays,  M.  S.,  Agriculture. 
Thomas  Shaw,  Animal  Industry. 
J.  M.  Drew,  BkLcksmithing,  Poultry. 

Andrew  Boss,  Dressing  and  Curing  Meats,  Farm  Machinery. 
William  Boss,  Carpentin/,  Power  Machinery. 
Alvin  D.  Gaines,  A.  M.,  Language,  Civics,  Music. 
Harry  A.  Leonhauser,  Lieutenant  U.  S.  A.,  Military  Drill. 
E.  W.  Ma  hood,  M.  a..  Arithmetic  and  Athletics. 
Juniata  L.  Shepperd,  M.  A.,  Cooking,  Launderin<f. 
Margaret  Blair,  Sewing. 

Virginia  C.  Meredith,  Preceptress,  Housefwld  Art,  Social  Culture. 
When  applying  for  admission  or  information,  address  Dr.  Henry 
W.  Brewster,  Principal,  St.  Anthony  Park,  Minn. 

opening. 

The  coming  year  will  open  October  3d,  1898,  and  close  March  24, 
1899.  The  fall  term  closes  Friday,  December  23d,  and  the  winter  term 
begins  Tuesday,  January  3d,  giving  a  vacation  of  ten  days.  Owing 
to  the  shortness  of  the  school  year,  it  is  very  desirable  that  students 
be  on  hand  the  first  day  of  the  tel*m,  that  registration  may  be  com- 
pleted and  work  begun  promptly.  Students  registered  in  the  fall  term 
will  not  be  received  after  the  first  three  days  of  the  winter  term,  unless 
they  shall  present  a  reasonable  excuse  for  such  delay. 

admission. 

Applicants  who  have  completed  a  common  school  course  in  Eng- 
lish grammar,  arithmetic,  history  of  the  United  States  and  geography, 
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&e  prescribed  by  the  state  department  of  public  instruction,  will  be  ad- 
mitted to  the  regular  course  without  e:f  ami  nation. 

Students  will  be  credited  without  examination  in  subjects  for 
which  they  can  furnish  the  certiBcates  of  high  achoola. 

Applicants  who  can  not  complete  the  common  branches  at  their 
home  district  may  be  admitted  to  a  -preparatory  class,  if  they  can  pass 
examination  in  reading,  letter  writing  and  arithmetic  through  frac- 
tions, or  bring  third  grade  certificates  from  their  county  superintend- 
ents. But  all  students  who  can  complete  the  common  branches  in 
their  home  schools  before  coming  should  do  so. 


Pendkrgast  Hall. 

Students  of  mature  age.  who  have  but  tittle  time  for  study  and 
who  have  special  needs  in  tbe  lines  of  agriculture,  stock  and  farm 
engineering,  willbe  registered  for  special  work  during  the  winter  term 
as  indicated  in  the  daily  program.  Such  students  will  be  required  to 
pay  a  registration  fee  of  $5  and  to  board  themselves  outside  of  tbe 
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institutioD.    It  is  better  for  3uch  students  to  buy  the  few  books  they 
may  need  than  to  rent  them. 

Applicants  for  admission  after  the  opening  of  the  term  will,  in 
addition  to  the  regular  entrance  examinations,  be  required  to  show 
proficiency  in  the  work  done  by  the  class  up  to  the  time  of  their  appli* 
cation.  All  who  cannot  enter  by  the  middle  of  November  should  wait 
until  the  beginning  of  the  winter  term. 

EXPENSES. 

The  cost  to  the  students,  for  board  and  washing,  is  the  actual  cost 
of  maintaining  the  table  and  caring  for  the  house.  This  does  not  ex- 
ceed $3.00  per  week.  A  month's  board  is  assessed  in  advance  for  the 
purchase  of  provisions  at  cash  prices.  At  the  end  of  the  month  the  exact 
cost  is  calculated  and  the  pro  per  deduction  made  from  the  next  assessment. 
The  culinary  department  is  managed  by  an  experienced  matron,  and 
all  the  buildings  are  under  the  supervision  of  the  principal.  The 
buildings  are  illuminated  with  electric  lights,  and  warmed  by  steam: 
the  sleeping  rooms  are  each  furnished  with  a  bedstead,  mattress,  dress-  | 

ing  bureau  and  table. 

Each  student  furnishes  four  sheets,  one  pair  of  blankets,  one  quilt, 
one  bedspread,  one  pillow,  throe  pillow  cases,  two  bath  towels,  comb 
and  brush. 

No  deductions  in  charges  are  made  for  absence  of  less  than  four 
days.  If  students  are  compelled  to  be  absent  for  that  length  of  time 
they  will  be  allowed  half  rates,  if  they  arrange  with  the  matron  before 
leaving.  Students  wishing  to  retain  their  rooms  after  vacation,  must 
be  on  hand  when  the  second  term  opens,  or  pay  one-half  the  price  of 
board  and  room  for  the  time  they  are  late. 

Students  who  do  not  engage  rooms  in  advance,  may  be  forced  to 
find  sleeping  rooms  elsewhere  at  an  additional  cost  of  fifty  cents  per 
week. 

Ttxt  hooks  are  furnished,  at  an  annual  rental  of  $2,  to  students  who 
do  not  desire  to  purchase. 

Drawing  toolj*  may  be  had  at  a  rental  of  twenty -five  cents  per  term, 
or  may  be  purchased  for  about  $3.  Drawing  materials  and  mimeo- 
graph leirtures  are  furnished  to  the  students  at  cost. 

^fiWary  drill  and  uniform— All  students  taking  the  drill  are 
requested  to  provide  themselves  with  the  uniform,  which  consists  of 
blouse,  trousers,  vest  and  cap,  modeled  after  the  U.  S.  Military  Acad- 
emy uniform,  of  cadet  gray,  and  is  as  neat  and  economical  a  dress  as 
the  student  can  obtain.  The  leading  furnishers  of  Minneapolis  and 
St.  Paul  furnish  the  suit  complete,  to  measure,  for  about  $17.  The 
vest  may  be  omitted,  for  which  allow  $:}.  A  much  cheaper  uniform 
than  the  above  can  be  obtained,  but  is  not  recommended. 

iVe^— Students  pay  an  incidental  fee  of  $1.25  per  term,  and  also 
pay  for  breakages  of  apparatus  used  in  practical  work.     In  chemistry 
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there  is  a  small  fee,  about  fifty  cents,  to  cover  the  cost  of  material 
used. 

Deposit — In  addition  to  the  assessment  of  $12  for  board,  at  the 
beginning  of  the  term,  a  deposit  of  $5  is  required  of  each  student  as  a 
guaranty  for  the  return  of  all  books,  tools  and  other  articles 
borrowed. 

The  total  expenses  for  the  year  need  not  exceed  $85  to  each  student. 

GlfADUATION. 

students  are  entitled  to  the  certificate  of  the  University  uj^on  the 
following  conditions: 

First — The  completion  of  the  prescribed  course  with  an  honorable 
standing  in  deportment,  and  thoroughness  and  intelligence  in  subjects 
studied. 

Second — A  practical  experience  in  field  work,  either  at  the  Univer- 
sity or  elsewhere,  as  shall  appear  in  reports  received  from  responsible 
sources. 

Third — The  completion  of  an  essay,  of  about  one  thousand  words, 
upon  some  subject  connected  with  farming. 

This  certificate,  with  a  certificate  in  mathematics,  admits  students 
to  any  one  of  the  special  lines  of  study  provided  in  the  college  of 
agriculture. 

STUDENTS'  DEBATING  SOCIETY. 

A  society  for  the  purpose  of  improvement  in  elocution  and  debate, 
and  for  obtaining  instruction,  in  the  form  of  lectui*e8,  gives  excellent 
opportunities  for  entertainment  and  culture. 

STUDENTS'  CHRISTIAN  ASSOCIATION. 

This  society  has  for  its  object  the  study  of  moral  and  religious 
subjects,  and  the  holding  of  regular  weekly  prayer  meetings  and  con- 
ference meetings.  All  students,  regardless  of  creeds,  are  welcomed  to 
membership;  no  sectarian  differences  are  allowed  to  be  discussed  in 
the  meetings  or  in  the  reading  rooms. 

The  young  Men's  Christian  Association  of  the  school  will  station 
several  of  their  members  at  the  depots  to  meet  and  direct  incoming 
students  on  the  arrival  of  the  trains,-  Monday  and  Tuesday,  October 
3  and  4.  One  member  bearing  a  badge  lettered  "Y.  M.  C.  A.,  S.  A. 
U.  M.,"  will  be  at  each  of  the  following  depots:  Great  Northern,  in 
St.  Anthony  Parle;  Union,  in  St.  Paul:  and  Union,  Milwaukee  and  St. 
Louis,  in  Minneapolis. 

ATHLETIC    ASSOCIATION. 

The  students  have  a  well  organized  athletic  association  and  a  well 
equipped  gymnasium.  A  competent  instructor  is  in  charge  each 
evening.  An  opportunity  is  thus  given  for  healthful  amusement  and 
for  needed  physical  exercise. 

The  first  building  erected  upon  the  campus  has  been  remodeled 
and  furnished  for  a  home  for  the  young  men.  It  contains  on  the  first 
floor  the  library,  a  large  reading  room  supplied  with  good  reajding, 
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and  parlor  g&mes;  a  (general  Bitting  room;  also  a  parlor  In  which 
gtudoDte  receive  visits  from  friends.  In  the  basement  are  rooms 
specially  adapted  for  change  from  recitation  rooms  into  dining^  rooms 
for  class  parties,  which  enable  students  to  learn  the  art  of  receiving 
and  entertalng  company. 


THE  HOME. 

The  building  for  young  women  contains  a  large  sitting  room  (or 
general  use,  a  parlor  for  more  special  use,  rooms  fur  the  preceptress, 
and  thirty  suites  of  rooms  for  sixty  students,  each  suite  consisting  of 
a  study  room  for  two  with  two  alcove  sleeping  rooms  adjoining. 

This  gives  each  student  a  separate  sleeping  room,  a  study  room 
tor  herself  and  one  mate,  the  free  use  of  sitting  room  and  parlor  in 
the  girU'  home,  and  the  beneflt  o!  slass  parties  in  the  Home  Buildlne. 

In  the  large  sitting  room  thei-e  are  papers,  magazines,  books  and 
a  piano,  which  afford  pleasant  recreation. 

UBRARY. 

The  library  contains  four  thousand  books  of  reference,  besides 
nearly  tour  thousand  pamphlets,  including  reports,  bulletins,  eic. 

The  library  is  supplied  with  a  card  catalogue  from  the  United 
Slates  Department  of  Agriculture,  of  all  reports  and  bulletins  issued 
by  the  different  experiment  stations.  This  enables  one  to  find  some 
reference  on  nearly  every  agricultural  subject.  In  connection  with 
ttte  library  is  the  reading  room,  where  all  the  leading  agricultural 
papers,  as  well  as  other  leading  periodicals,  are  kept  on  file  tor  the 
use  of  the  students. 

Quite  a  number  of  the  instructors  have  written  text  books  in  their 
own  lines  ot  work,  and  are  using  them  in  the  lecture  rooms. 
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COURSE  OP  STUDY. 


FIRST  YEAR. 


FIRST  TERM. 

Agriculture  [3]. 

Botany  [5]. 

2  Drawing  [2]. 

2 Music  or  Athletics  [1]. 

Physiology  [5]. 

Study  of  Breeds  [3]. 


2Blacksmlthing  [1]. 

2  Carpentry  [2]. 

Carpentry,  Lecture  [11. 

2 Military  Drill  [1]. 


or 


2  Laundering  [2]. 
2Physical  Culture  [1] 

2  Sewing  [3]. 
2  Social  Culture  [1]. 


SECOND  TERM. 

Botany  [5]. 

2  Farm  Accounts  [2i]. 

2  Music  or  Athletics  [1]. 

Physiology  [4]. 


2  Carpentry  [2]. 

Carpentry,  Lectures  [1]. 

2Farm  Buildings  [2]. 

3  Blacksmithing  f  1] . 

2 Military  Drill  [1]. 


r 


or 


2  Cooking  [31. 

2  Drawing  [2]. 

2 Home  Management  [1]. 

2  Physical  Culture  [1]. 


SECOND  YEAR. 


FIRST  TERM. 

Dairy  Chemistry  [2]. 
2  Dairy  Husbandry    [2i]. 

Fruit  Growing  [3]. 

2  Music  or  Athletics  [1]. 

Zoology  and   Entomology  [5]. 


2  Breeding  [2i]. 

2  Military  Drill  [1  ] 

Physics  [5]. 


r 

or      { 


2 Cooking  [3]. 

2  Household  Art  [1]. 

2 Physical  Culture  [1]. 

2  Sewing  [3]. 


L^ 
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SECOND  YEAR. 

SECOND  TERM. 

2  Agricultural  Chemistry  [5]. 
2  Dairy  Husbandry  [2i]. 
2  Music  or  Athletics  [I]. 

Physics  [.5]. 

Vegetable  Gardening?  [3]. 

Poultry  [  1  ]. 

''MilluSXlffil  [       -       i'      2HomeE^on^oS[21. 

"  Ai liitary  Drill  1 1  J.  J  |        ^  Physical  Culture  [  1  ]. 

THIRD  YEAR. 

FIRST  TERM. 

2  Afifricultural  Chemistry  [  5  ]. 

Forestry  [3]. 

2  Music  or  Athletics  [1]. 

Plane  Geometry  [6]. 

2  Handling  Grain  and  Machinery  [1].      >     ^„     i        o  o^„,;««.  r^i 
2  Veterinary  Science  [3]"^'  f     ^^     ]         2  bewing.[4]. 

SECOND  TERM. 

Civics  [4]. 

2  Dressing  and  Curing  Meats  [  1  ]. 

Plant  Propagation  [3]. 

Soils  and  Fertilizers 


!r  2Cookinfir  [3i]. 

_  ^       J  Domestic  Chemistry  [3] . 

^^       1  Domestic  Hygiene  [2  J. 
I  2  Sewine  [241 . 


2  Veterinary  Science  [31.     J  [       ^     ssewingW]. 

1.  Students  who  decide  to  take  the  college  course  in  agriculture 
must  complete  elementary  algebra.  Any  one  of  the  following  authors 
will  furnish  the  necessary  preparation:  Ray,  Greenleaf,  Wells, 
Sensenig,  Thompson  and  Quinby,  Wentworth  (school),  Taylor 
(aeademic),  Milne  (high  school ),  Stringham- Smith,  Collins.  If  Olney's 
complete  Algebra  or  Wentworth 's  Elements  of  Algebra  be  used, 
selections  may  be  made  equivalent  to  the  above. 

Plane  Oemmin/ — Olney's  text  book,  or  equivalent,  including  the 
unsolved  problems. 

2.  Figures  in  brackets  indicate  the  number  of  hours  per  week  in 
which  the  subject  is  pursued;  all  work  in  subjects  marked  thus  2,  ex- 
tend through  double  time  in  the  daily  program. 

One  essay  and  one  declamation  is  required  of  each  student  in  each 
term  of  the  first  two  years.  Those  taking  the  regular  work  in  the 
literary. societies  will  be  excused  from  the  declamation. 
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SPECIAL  ELECTIVE  WORK. 

Graduates,  and  others  of  equal  attainments,  are  offered  the  oppor- 
tunity of  entering  as  special  students  the  elective  work  in  mathemat- 
ics, English  composition,  farm  buildings,  and  such  lines  of  pracitcal 
work  as  they  can  individually  arrange  .to  prosecute  with  the  instruct- 
ors in  charge  of  such  lines. 

Each  special  student  is  expected  to  elect  at  least  three  lines  of 
work  and  do  an  amount  of  work  in  these  lines  that  shall  be  satisfac- 
tory to  the  instructors  in  charge. 

Any  contemplating  this  elective  work  should  make  application. to 
the  principal  before  coming,  and  should  state  what  lines  of  work  they 
desire  to  pursue. 

SPECIAL  STUDENTS. 

Special  students,  who  do  not  find  a  sufficient  amount  of  work  in 
the  various  lines  of  lectures  and  practice  work,  in  either  the  fall  or 
winter  term,  will  be  assigned  by  the  registration  committee  to  class 
work  in  agriculture.  Such  work  may  be  assigned  in  agriculture  for 
the  first  period,  and  in  stock  for  the  second  period. 

CONNECTION  WITH  THE  COLLBQE  COURSE. 

The  school  articulates  with  the  College  of  Agriculture,  in  which 
the  subjects  are  largely  elective  to  meet  the  demands  for  special 
education. 


CHARACTER  OF  INSTRUCTION. 

AGRICULTURE. 

The  instruction  in  agriculture  continues  through  the  course  and  is 
outlined  as  follows: 

The  selection  and  general  management  of  farms,  soils  and  soil 
formation;  drainage:  tillatre;  road  making  and  fence  building  will  be 
taught.  The  production  of  grains  and  grasses;  clovers  and  other 
forage  plants;  the  management  of  grass  lands;  the  rotation  of  crops 
and  the  management  of  fields  in  relation  to  fertility,  to  weeds,  to  live 
stock  and  to  profits,  are  considered.  Many  special  subjects,  such  as 
breeding  field  crops,  stacking  grain,  handling  machinery,  and  exter- 
minating noxious  weeds,  are  dealt  with.  Green  manuring,  manage- 
ment of  farm  manures  and  the  place  of  conunercial  fertilizers  in  field 
management  in  various  parts  of  the  state  are  discussed. 

University  Experment  Farm  is  conducted  partly  with  reference  to 
instruction.  A  number  of  students  are  engaged  each  summer  to  assist 
in  the  experimental  work  with  field  crops  and  field  management,  also 
the  preservation  of  crops  in  silos  and  other  ways.  Many  conveniences 
on  the  farm  serve  as  models  of  their  kind.  A  museum  of  a  limited 
number  of  the  best  modern  farm  machines  is  maintained. 
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AGRICULTURAL  CHEMISTRY. 

The  first  term  is  devoted  to  the  study  of  the  ^neral  principles  of 
Xhe  science  of  chemistry,  particular  attention  being  given  to  those 
elements  and  compounds  which  are  the  food  of  plants  and  animals. 
This  work  is  illustrated  by  the  many  chemical  chanf>:es  which  take 
place  on  the  farm;  the  student  spends  a  part  of  his  time  in  the  labora- 
tory performing  experiments  which  relate  to  the  subjects  which  are 
studied  in  the  class-room. 

In  the  second  term  the  chemistry  of  farm  products  is  begun.  The 
composition  of  human  and  animal  food  stuffs  forms  an  important 
part  of  this  term's  work.  The  chemical  changes  which  take  place 
during  the  growth  of  crops  are  studied,  as  well  as  the  various  factors 
which  influence  the  food  value  of  agricultural  products.  During  this 
term  one  period  each  day  is  given  to  a  class-room  exercise  and  one 
period  is  spent  in  laboratory  work.  In  the  laboratory,  the  student 
separates  the  various  compounds  of  which  food  stuffs  are  composed, 
and  he  also  studies  the  various  types  of  food  materials. 

One  term  is  given  to  the  chemisiry  of  soils  and  fertilizers.  The 
requirements  of  the  various  farm  crops  in  the  way  of  food,  and  the 
best  ways  of  satisfying  these  demands  are  considered.  The  various 
forms  of  plant  food  which  exist  m  the  soil,  the  chemical  changes 
which  the  plant  food  undergoes,  and  the  power  of  crops  to  make  use  of 
the  various  compounds  of  the  soil,  form  important  parts  of  this  work. 
In  the  study  of  soils  and  fertilizers  it  is  the  aim  to  study  the  princi- 
ples which  govern  the  maintenance  of  the  fertility  of  the  soil. 

In  the  chemistry  of  dairying,  instruction  is  given  in  the  chemical 
and  allied  changes  which  take  place  in  the  handling  of  milk  and  in 
its  manufacture  into  butter  and  cheese. 

ALGEBRA. 

No  algebra  is  required.  Students  intending  to  enter  the  college  of 
agriculture,  after  graduating  from  the  school  of  agriculture,  should 
complete  elementary  algebra.     (  See  foot  note  I.  course  of  study. ) 

ANIMAL  INDUSTRY. 

The  talks  on  animal  industry  will  be  most  practical.  The  charac- 
teristics of  the  leading  pedigreed  breeds  that  have  special  adaptation 
to  northwestern  conditions,  will  be  discussed.  The  points  of  good  and 
inferior  animals  in  beef-cattle,  sheep  and  swine  will  be  so  taught  that 
the  student  may  learn  to  choose  wisely  when  selecting  foundation 
animals  from  which  to  breed,  or  animals  to  prepare  for  the  block. 
The  fundamental  principles  that  govern  breeding,  will  be  pointed  out 
in  the  simplest  manner  possible.  The  feeding  of  animals  will  be  dis- 
cussed, special  prominence  will  be  given  to  the  choice  of  foods  for 
live  stock  at  the  different  stages  of  their  development  and  to  the 
preparation  of  the  same  for  breeding.  The  general  principles  which 
relate  to  the  care  and  management  of  cattle,  sheep  and  swine  will  be 
made  clear.    And,  as  far  as  practical,  these  talks  will  be  illustrated 
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by  the  presence  of  the  living  specimens  of  the  various  animals  under 
discussion. 

ARITHMETIC. 

Students  entering  the  preparatory  class  in  arithmetic  are  required 
to  understand  arithmetic  through  fractions,  both  common  and  deci- 
mal. The  course  gives  special  attention  to  denominate  numbers,  per- 
centage in  its  various  forms,  interest,  discount,  evolution  and  mensu- 
ration. The  aim  is  to  secure  both  accuracy  and  facility  in  the  most 
practical  operations. 

BLACKSMITHING. 

The  students  are  instructed  in  the  management  of  the  forge  and 
fire,  and  in  bending,  shaping  and  welding  iron  and  steel.  They  are 
required  to  make  links,  rings,  hooks,  bolts,  clevises,  whiffletree -irons, 
tongs,  cold  chisels,  punches:  in  short  to  become  familiar  with  all  the 
operations  necessary  to  enable  them  to  do  their  own  repair  work  when 
they  return  to  the  farm.  Particular  attention  is  given  to  rapid  and 
accurate  welding,  and  to  the  shaping  and  tempering  of  steel  tools. 
The  forges  used  are  s^ch  as  any  farmer  can  make  for  himself,  and 
each  student  is  taught  to  make  his  own  tools,  so  that  he  will  be  able 
to  furnish  his  shop  with  very  little  outlay. 

BOTANY. 

This  study  is  taught  with  special  reference  to  its  bearing  upon  the 
e very-day  problems  that  present  themselves  to  the  farmer  and  gar- 
dener. It  is  profusely  illustrated  with  flowers  and  plants  from  the 
greenhouse  and  nursery.  Some  instruction  is  given  in  the  use  of  the 
compound  microscope;  students  are  thus  enabled  to  study  intelligently, 
in  an  elementary  way,  the  tissues  of  plants.  By  this  means  they  get  6k 
clear  idea  of  the  general  principles  of  plant  structure  and  vegetable 
physiology. 

CARPENTRY. 

Instruction  is  given  by  means  of  text-books,  lectures,  and  work  in 
the  shop  and  drawing  room,  in  the  care  and  use  of  tools,  including 
setting  and  filing  saws,  filing  bits,  grinding  plane-irons,  chisels  and 
other  tools;  also  in  laying  out  work  and  framing  buildings.  Methods 
of  construction  are  illustrated  by  models  and  drawings.  Various 
articles  for  use  about  the  farm  are  manufactured  by  the  students. 

CIVICS. 

During  the  last  term  of  the  course,  students  receive  instruction  in 
this  science,  and  graduate  with  a  good  understanding  of  the  origin, 
necessity,  nature  and  various  forms  of  government  and  the  machinery 
employed  to  carry  on  public  works,  establish  justice,  and  provide  for 
the  common  defense;  of  the  organization  and  management  of  local 
institutions,  the  town,  the  village,  the  city  and  the  county;  the  manner 
in  which  states  are  created  and  their  affairs  administered;  the  three 
departments,  legislative,  judicial  and  executive,  and  the  functions  of 
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each:  the  inlerdependence  of  Ibe  state  aad  its  oitizens.  ae  well  as  the 
powers  and  obligations  of  each,  hy  due  attentioD  to  which  the  Btal« 
may  be  streagtheiied  and  the  condition  of  ite  citiisenB  ameliorated. 

The  relation  of  me  States  to  the  general  goveramenl;  the  constitu- 
tion and  the  powers  it  confers,  and  the  provisions  for  amendmenta  are 
tauKbt.  The  more  important  principles  of  commercial  thw,  including 
contracts,  agency,  partnership,  corporations  and  commercial  paper, 
receive  attention.  Instruction  is  also  given  in  the  United  States 
method  of  surveying  public  lands. 


The  course  in  cooking  extends  through  four  terms  of  the  curricu- 
lum as  given  below  with  the  subjects  covered  In  each  term. 

Second  term  C  year^Kitehen  management;  care  of  cooking  uten- 
sils, glass,  china  and  silverware;  measuring  and  invoicing;  cooking 
vegetables,  cereals  and  breads. 


The  Drill  Hall. 

First  term  B  year— Canning,  preserving,  pickling  and  jelly  mak- 
ing; soups,  eggs  and  meats. 

Second  term  B  year— Marketing,  care  of  foods  and  cold  storage; 
fruits,  salads,  bashes,  croquettes,  "save  all"  dishes  and  lunch 
baskets;  equipment  of  dinlnc  room  and  table  service. 

Second  term  A  year— Pood  rations,  dietaries  and  bills  of  fare; 
invalid  cooking,  beverage?,  frozen  dishes,  pastry  and  cake;  food 
economics,  table  duties  of  host  and  hostess  and  essays  on  house- 
keeping. 
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DAIRY  HUSBANDRY. 

Dairy  Stock — During  the  first  term  and  the  last  part  of  the  second 
term  of  the  second  year,  students  receive  instruction  in  the  character- 
istics of  the  various  breeds  of  dairy  stock,  with  practice  in  judging 
by  the  score  card,  the  breeding,  rearing,  feeding  and  management  of 
dairy  cattle. 

Honie  Dairying — Practical  work  in  this  branch  commences  the 
second  week  of  the  first  term,  and  closes  the  second  week  in  December, 
and  during  the  second  term  it  commences  the  second  week  in  January 
and  continues  until  the  close  of  the  school  year.  Students  receive 
practical  training  in  the  most  advanced  methods  of  handling  and 
testing  milk,  creaming  milk,  by  the  gravity  and  centrifugal  process, 
ripening  cream,  churning,  working  and  packing  butter. 

DOMESTIC  CHEMISTRY. 

In  domestic  chemistry  instruction  is  given  in  the  chemistry  and 
economy  of  human  foods.  Simple  tests  for  the  detection  of  the  adul- 
teration of  foods  are  given.  The  chemistry  of  cleaning  material,  and 
the  composition  of  various  household  articles  are  considered.  The 
instruction  is  given  in  the  form  of  laboratory  practice. 

DRAWING. 

The  student  is  taught  the  practical  value  of  drawing  for  the  pur- 
pose of  designing  and  arranging  buildings,  machinery,  etc.  He  makes 
drawings  of  the  shop  exercises  then  works  from  his  own  drawing 
thereby  learning  the  application. 

Designs  are  made  for  dwellings,  barns,  out-buildings,  and  ma- 
chinery. As  practical  subjeuts  for  their  designs,  students  arc  request- 
ed to  bring  from  home  data  for  plans  of  buildings  needed  on  their 
farm.  Estimates  are  made  of  the  amounts  of  materials  required  and 
cost  of  construction. 

Special  students  are  offered  advanced  work  in  designing,  includ- 
ing style,  stability,  convenience  and  economy  of  arrangement  of 
buildings  an^ machinery  for  various  purposes. 

DRESSING  AND  CUTTING  MEATS. 

Instruction  is  given  in  a  course  of  lectures  and  demonstrations. 

Two  weeks'  practice  work  in  dressing  and  cutting  up  beef,  pork, 
mutton,  veal  and  poultry  is  required  of  each  student  before  grad- 
uation. 

ENTOMOLOGY. 

The  class  in  entomology  receives  instruction  of  a  practical  nature. 
The  course  is  divided  as  follows: 

C'lassification  of  insects,  sufficient  to  enable  the  student  to  distin- 
guish between  useful  and  Injurious  insects  and  to  apply  remedies 
intelligently,  as  the  remedies  must  be  selected  according  to  the  kind  of 
insect  to  be  combatted. 

Insecticides  and  their  application;  the  most  approved  methods  of 
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using  arseDical  poisons,  kerosene  emulsions,  pyrethrum,  and  other 
preparations  are  taught. 

Natural  remedies  and  nature's  methods  of  preventing  increase  of 
injurious  insects  receive  due  attention  so  as  to  enable  the  student  to 
apply  their  teachings.  The  relation  of  other  animals  to  insects  is  also 
taught,  so  that  the  student  may  know  both  his  friends  and  his  foes. 
Special  attention  is  given  to  injurious  and  useful  insects  of  Min- 
nesota. 

GEOMETRY. 

The  first  two  books  of  Wentworth  are  required.  Students  intend- 
ing to  enter  the  college  of  agriculture  should  finish  plane  geometry. 
Special  attention  is  given  to  principles  of  synunetry,  clearness  of 
statement,  and  accuracy  of  logical  inference. 

HOME  ECONOMY 

Is  taught  as  the  just  proportion  between  income  and  expenditure;  the 
distinction  of  economy,  frugality  and  parsimony  are  considered  with 
reference  to  a  definite  proportion  in  the  expenditures  which  are  made 
for  existence,  comfort,  culture  and  philanthropy,  A  study  is  made  of 
the  sources  of  income,  especially  of  the  income  from  the  farm  in  the 
form  of  house,  food  and  luxuries.  The  purchase  of  clothing,  house- 
hold stores  and  furnishings  is  considered  from  the  standpoint  of  the 
suitable.  The  relation  of  cash  and  credit  to  cost  is  also  considered. 
Attention  is  giv«n  to  savings  and  forms  of  investment,  a  bank  account 
and  the  use  of  a  check  book.  Each  student  in  this  class  is  required 
to  submit  at  the  close  of  the  term  a  paper  setting  forth  in  detail  the 
use  of  a  certain  named  income  for  one  year,  embracing  not  only  every 
item  of  necessary  home  expense  but  also  an  outlay  made  for  travel, 
luxuries,  accident,  sickness  and  other  emergencies.  The  habit  of 
keeping  a  household  account  is  calculated  to  strengthen  the  judgment 
in  making  a  wise  use  of  money,  therefore  an  analysis  and  study  of 
expenditures  as  here  indicated  serves  to  bring  clearly  before  the 
student's  mind  the  relative  importance  of  the  different  things  which 
money  will  procure.  * 

HOME  MANAGEMENT 

Includes  both  housekeeping  and  home  making  and  the  teaching  of  the 
subject  naturally  falls  into  three  divisions,  household  work,  sanita- 
tion and  family  life.  The  instruction  is  based  upon  the  belief  that 
housekeeping  is  as  important  as  it  is  difficult— and  that  home  making 
is  the  noblest  form  of  human  endeavor.  The  points  in  detail  in  the 
preparation  of  food,  the  making  of  clothing,  the  care  of  the  house  and 
household  belongings,  and  the  ordering  of  the  family  life  are*consid- 
ered  in  their  relation  to  an  adequate  plan  for  home  management.  To 
start  the  student  in  the  correct  way  of  becoming  mistress  of  the  busi- 
ness of  housekeeping  is  the  end  sought.  It  is  believed  that  for  one 
who  knows  the  reason  for  the  doing  there  is  no  drudgery,  therefore 
students  are  taught  the  specific  danger  that  lurks  in  dust  and  dirt,  in 
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order  that  they  may  understand  the  dignity  of  the  unoeasing  war 
which  the  housekeeper  makes  upon  those  forces.  The  practical  benefit 
to  be  derived  from  the  knowledge  students  have  gained  in  the  cooking, 
sewing,  laundering  and  dairy  class  is  emphasized  and  shown  in  its 
relation  to  an  adequate  plan  for  the  daily  program  for  the  home. 
While  the  science  of  family  life  has  not  been  formulated  yet  some  of 
its  fundamental  principles  are  recognized  and  may  be  taught. 

HORTICULTURE  AND  FORESTRY. 

Fniit  growing  is  taught  with  reference  to  raising  fruit  for  market. 

Vegetable  qardening  embraces  the  study  of  garden  tillage,  irrigation 
and  rotation  of  crops;  transplanting;  formation  and  care  of  hotbeds; 
study  of  garden  insects  and  the  growing  of  various  vegetable  crops. 

Plant  propagation — In  this  subject  the  principles  underlying  the 
development  of  cultivated  varieties  of  plants  and  seed  testing  are 
taught;  also  the  propagation  of  plants  by  seed,  cuttings,  grafting  and 
budding. 

Forestry  includes  the  consideration  of  the  formation  and  care  of 
wind  breaks  and  shelter  belts,  the  laying  out  and  planting  of  home 
grounds;  discussion  of  the  hardiness,  habits  and  value  of  our  native 
and  introduced  trees;  and  the  methods  of  propagating  them. 

The  work  of  the  class  room  is  illustrated  by  the  orchards,  nurse- 
ries, forest  plantations,  gardens  and  greenhouses  on  the  grounds  of 
the  experiment  station  and  by  visits  to  commercial  nurseries  and 
greenhouses  near  by. 

HOUSEHOLD    ART 

Is  taught  by  a  series  of  lectures  treating  of  the  adornment  of  the 
house  and  grounds,  noting  the  distinctive  character  of  the  country 
home  and  the  opportunity  for  embellishment  found  in  the  surround- 
ings. The  intention  is  to  show  that  thought  and  energy  can  accom- 
plish as  much  or  more  than  money  in  making  a  farm  house  attractive; 
also  to  show  the  importance  of  acquiring  correct  knowledge  and 
correct  taste  in  order  to  secure  every  possible  convenience,  combined 
with  harmonious  forms,  colors  and  styles  in  walls,  draperies  and 
furniture.  The  true  relation  of  beauty  and  use  and  the  influence  of 
surroundings  upon  life  and  character  are  considered  in  connection 
with  the  possibilitiea  for  improvement  that  may  be  found  in  simple  and 
inexpensive  methods. 

HYGIENE 

As  a  special  study  for  women,  considers  the  health  of  the  family  as 
dependent  upon  pure  food,  pure  water,  personal  cleanliness  and 
proper  habits,  as  well  as  upon  heredity.  The  aim  is  to  show  how  a 
correct  knowledge  of  the  laws  of  nature  is  essential  not  only  to  the 
restoration  but  to  the  preservation  of  health. 

Several  lectures  by  a  physician  will  be  given  upon  maidenhood, 
maternity,  motherhood,  infancy  and  related  subjects.  These  special 
lectures  will  be  supplemented  by  the  regular  lectures  in  class,  thus 
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extending  and  simplifying  the  subjects  in  plain  and  easily  understood 
terms. 

LANGUAGE. 

The  work  in  language  aims  to  secure  the  use  of  proper  words  and 
correct  forms  of  expression  in  conversation,  letter-writing  and  the 
more  extended  forms  of  composition.  The  student  is  led  to  think,  to 
analyze  and  define  his  thought,  to  choose  words  that  will  accurately 
express  it,  and  to  arrange  these  words  in  harmony  with  the  rules  of 
grammar,  the  forms  of  correspondence  and  the  elementary  principles 
of  rhetoric.  Attention  is  given  to  the  sounds  of  letters  as  indicated 
by  their  markings:  the  meaning  of  prefixes,  root  syllabled  and  suffixes; 
classification,  inflection  and  the  syntax  of  simple,  complex  and  com- 
pound sentences;  the  nature  and  correction  of  common  errors;  prac- 
tice in  letter-writing  and  descriptive  composition. 

One  essay  of  about  five  hundred  words  is  written,  submitted  for 
criticism,  corrected  and  re-written  during  the  first  two  months  of  each 
term  of  the  first  two  years  of  the  course. 

This  analytic  method  naturally  leads  to  the  study  of  not  only  the 
dictionary,  the  grammar  and  the  rhetoric,  but  also  of  authors,  speak- 
ers, periodicals  and  all  good  authorities  on  language. 

LAUNDERING. 

In  the  first  term  of  the  C  year  several  lectures  are  given  and  prac- 
tice work  is  provided  in  washing,  ironing,  starching,  polishing,  clean- 
ing and  pressing  clothing. 

MUSIC. 

(^lasses  in  music  will  be  organized  for  students  who  desire  train- 
ing in  this  branch. 

PENMANSHIP  AND  ACCOUNTS. 

In  this  department  the  student  is  taught  to  write  a  plain  hand  with 
rapidity  and  ease.  The  work  in  accounts  is  applied  to  the  transac- 
tions which  the  student  meets  in  the  various  duties  on  the  farm.  He 
is  so  taught  to  keep  his  accounts  that  be  may  know  at  any  time  the 
profit  or  loss  of  any  department  of  bis  business,  and  is  thus  enabled 
to  plan  intelligently. 

Attention  is  given  to  the  different  kinds  of  negotiable  paper;  the 
various  forms  of  endorsements  and  their  effect;  business  forms  and 
correspondence.  Everything  is  made  plain  and  practical,  and  stu- 
dents can  learn  to  keep  accurately  and  neatly  the  accounts  of  an 
ordinary  business. 

PHYSICAL  CULTURE. 

The  work  in  this  department  is  particularly  directed  to  the  im. 
provemeat  of  nutrition  and  the  correction  of  faulty  habits  of  carriage 
and  posture,  frequently  the  result  of  exercise  taken  in  the  perform- 
ance of  household  tasks  which  have  a  tendency  to  produce  overdevel- 
opment of  certain  muscles,  while  leaving  others  almost  unused.    The 
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course  of  study  includes  free  gymnastics  and  the  use  of  light  appa- 
ratuSf  supplemented  by  movemeots  taken  from  the  Delsarte  system  of 
expression. 

There  are  two  classes,  one  for  elementary  and  the  other  for 
advanced  work. 

PHYSICS. 

The  general  principles  of  the  science  are  taught,  special  stress 
being  laid  upon  those  which  to  the  greatest  extent  enter  into  the  busi- 
ness of  the  farmer.  About  half  the  time  is  devoted  to  experimental 
work,  which  includes  capillarity  of  soil;  diffusion  and  osmosis  of 
gases  and  liquids;  heating,  lighting  and  ventilation;  farm  machinery 
in  particular,  pumps,  eveners — especially  three  and  four-horse — pul- 
leys, milk  testers,  centrifugals,  incubators,  windmills,  steam  and 
gasoline  engines:  friction  and  lubricants;  tensile  strength  of  wire 
and  binding  twine  of  different  grades:  lightning  and  lightning  protec- 
tion. The  foregoing  indicates  the  character  of  the  work,  the  attempt 
being  to  give  the  student  the  acquaintance  with  the  laws  of  nature  that 
he  may  act  with  reason  and  work  to  advantage. 

PHYSIOLOGY. 

During  the  first  year  the  students  take  a  high  school  course  in 
human  physiology  and  hygiene.  In  this  course,  they  study  the  general 
plan  and  structure  of  the  body  and  the  tissues  of  which  the  body  is 
composed;  then  the  skeleton,  muscles  and-  body  nutrition.  Body 
nutrition  includes  a  study  of  foods,  digestive  organs  and  fluids,  and 
processes  of  digestion. 

The  class  then  studies  in  succession,  circulation  and  respiration, 
including 'ventilation,  respiratory  apparatus,  kidneys,  skin,  nervous 
system,  senses,  voice  and  narcotics,  including« alcohol,  opium,  mor- 
phine, chloral,  cocaine  and  tobacco. 

This  class  work  is  illustrated  by  means  of  large  charts,  skeletons, 
manikins  and  dissections.  Important  points  of  difference  between 
human  and  animal  physiolocry  are  pointed  out  in  preparation  for  the 
next  year's  work  in  the  veterinary  class.  Matters  of  home  and 
personal  hyeiene  are  interwoven  with  the  physiolo&^y  work. 

POULTRY. 

In  the  instruction  in  this  subject,  the  following  will  be  considered: 
History  and  characteristics  of  the  leading  breeds  of  poultry;  breed- 
ing, feeding  and  management  of  fowls  for  eggs  and  for  the  market; 
planning,  building  and  arraugement  of  poultry  houses;  managing 
incubators  and  brooders.  A  model  poultry  house,  containing  pens  of 
the  most  improved  breeds,  incubator  cellar,  workroom,  etc.,  has  been 

provided,  where  experime  ital  work  and  practical  instruction  will  be 
carried  on. 

POWER  MACHINERY. 

Special  students  of  mature  years  who  desire  to  become  proficient 
in  the  management  and  care  of  stationary  engines  and  boilers,  or 
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tbresbing  engines  either  steam  or  gasoline,  will  be  given  a  chance  to 
pursue  special  work  in  the  care  and  management  of  such  machinery. 
Instruction  will  be  given  by  means  of  lectures  and  practical  work  in 
the  engine  room.  Boilers,  engines,  injectors,  pipe  fitting,  wind  mills, 
well  pumps,  hydraulic  rams,  etc.,  will  receive  special  attention. 

SEWING. 

During  the  first  year  students  receive  instruction  in  the  elements 
of  sewing;  different  stitches,  such  as  basting,  seaming,  hemming, 
darning,  buttonholing  and  patching  are  taught:  and  practice  is  given 
in  the  use  of  all  the  implements  belonging  to  the  sewing  basket. 

The  second  year*s  work  consists  of  cutting  and  making  plain  gar- 
ments such  as  underwear,  children's  clothing,  shirt  waists  and  cotton 
dresses. 

In  the  third  year  the  more  difficult  work  of  dressmaking  is  taken 
up.  The  cutting  and  fitting  of  dresses  and  jackets  is  taught  by  a  very 
simple  system:  careful  attention  is  given  to  quality  of  materials  and 
harmony  of  colors.  The  course  is*  designed  to  make  each  graduate 
capable  of  doing  all  kinds  of  sewing  needed  in  the  home. 

SANITATION. 

This  work  includes  a  general  study  of  home  hygiene  and  deals 
with  water  for  the  house,  drainage  and  ventilation,  together  with  a 
study  of  some  diseases  that  may  be  associated  with  these  factors. 
The  study  of  water  includes  quantity,  collection,  quality,  storage  and 
the  origin  of  impurities.  Under  the  subject  of  ventilation,  there  is 
considered  quantity  of  air  per  individual:  natural  and  artificial  ven- 
tilation. The  study  of  clothing  includes  a  study  of  the  materials  of 
which  it  is  made,  their  various  heat-retaining  qualities  and  a  study  of 
clothing  according  to  climate  in  which  the  individual  lives.  This 
study  of  home  hygiene  will  also  include  the  prevention  of  disease  in 
general  and  the  prevention,  in  detail,  of  certain  common  diseases,  as 
consumption,  diphtheria,  scarlet  fever  and  colds.  The  selection  of  a 
site  for  a  home  is  a  very  important  matter  and  will  be  given  due  con- 
sideration as  well  a&  the  proper  care  of  the  home  after  it  is  built. 

SOCIAL  CULTURE. 

A  course  of  lectures  is  given  on  the  usages  of  good  society,  in- 
cluding manners,  good  behavior,  the  voice,  conversation,  forms  of 
address,  invitations,  etc.  Attention  is  directed  to  the  fact  that  all 
approved  etiquette  rests  upon  the  great  law  of  kindness.  The 
importance  is  shown  of  personal  lituess  for  society  through  attention 
to  the  laws  of  health  and  to  personal  habits  as  well  as  through  the 
refinement  of  a  cultivated  mind  and  sympathetic  spirit.  Suggestions 
are  made  in  reference  to  reading,  literary  taste  and  the  choice  of 
books.  Especial  stress  is  put  on  the  thought  that  the  family  life 
ought  to  be  the  high3st  expression  of  good  society  and  therefore  the 
manners   and  conversation   in  the  home  should  be  the  very  best  of  ' 
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which  one  is  capable  Next  in  importance  to  the  power  of  thinking 
correctly  is  the  power  of  approaching  others  with  ease  and  speakin&r 
with  tactful  directness  and  consequently  any  study  or  practice  in- 
tended to  cultivate  the  social  nature  deserves  earnest  attention.  Some 
instruction  is  given  in  the  elementary  principles  of  parliamentary 
usage. 

VETERINARY     SCIENCE. 

During  the  A  year,  the  students  take  up  a  course  of  study  In 
veterinary  medicine,  the  purpose  of  which  is  to  fit  them  for  intelligent 
care  of  their  farm  stock  and  not  to  make  them  in  any  sense  profes- 
sional veterinarians.  In  this  course  the  teaching  is  done  by  means  of 
lectures,  distribution  of  mimeographed  lecture  notes  after  each  lecture, 
reviews  and  clinical  work  at  the  hospital  maintained  for  this  purpose. 
Lectures  are  illustrated  by  means  of  charts,  manikin  of  horse,  skeleton 
of  horse,  and  various  other  appliances. 

The  lecture  course  consists  of  a  series  on  each  of  the  following 
subjects:  Elementary  anatomy,  elementary  pathology,  causes  and 
prevention  of  diseases,  diagnosis  and  treatment  of  common 
diseases  and  a  final  short  course  on  common  medicines,  studying  their 
effects,  uses  and  doses.  At  the  hospital  clinics,  students  are  enabled 
to  examine  and  care  for  a  varietv  of  cases  and  to  learn  the  elements 
of  diagnosis  for  the  more  common  diseases  and  forms  of  lameness. 

ZOOLOGY. 

Chiefly  Minnesota  animals  are  considered:  (i )  their  classifica- 
tion; (2)  their  habits  and  food;  (3)  their  relation  to  the  farmer.  To 
assist  the  students  in  their  work  a  museum  has  been  started  in  which 
is  shown  the  relation  of  Minnesota  animals,  birds,  reptiles,  etc.,  to 
agriculture.  Soils,  minerals,  fossils,  plants— both  useful  and  injuri- 
ous— are  also  on  exhibition. 
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SPECIAL  ANNOUNCEMENT 

FOR  THE 

TERM  BEGINNING  JANUARY  3,  1899, 


THE  FACULTY. 

Cyrus  Nohthrop,  LL.  D.,  PreHdml. 
William  M.  Liggett,  Dean. 

T.  L.  Haecker,  Professor  of  Dairy  Uuisbandry,  in  charge  of  School, 
Harry  Snyder,  B.  S.,  Dairy  Chemistry. 
Otto  Lugger,  Ph.  D..  Bacteria  in  Dairy  Prodticts. 
W.  M.  Hays,  M.  S.,  Forage  and  Pastures. 
M.  H.  Reynolds,  M.  D.,  V.  M.,  Diseases  oftlie  Dairy  Cmc, 
J.  A.  Vye,  Creamerg  Records  and  Accounts. 
Wm.  Robertson,  B.  S,,  Care  of  Boiler  and  Engine. 
C.  R.  Aldrich,  Dairy  Buildings. 
J.  M.  Drew,  SHo  and  Stable  Conveniences. 
B.  D.  White,  Instructor  in  Butter  Making. 
A.  J.  Glover,  Instructor  in  Cheese  Making, 
yjyi.  Boss,  Instructor  in  Practical  Engineering. 
E.  W.  Major,  Instructor  in  Sweet  Curd  Cheese  Work. 
N.  H.  Fulton,  Assistant  in  Creamery. 
Li.  R.  HoBART.  AssiMant  in  Creamefinf. 
H.  C.  Haecker,  Instructor  in  Dairy  Lab  ratory. 
The  next  session  of  the  Dairy  School  will  beg^in  January  3,  1899. 
and  continue  four  weeks. 

This  course  is  designed  to  furnish  persons  who  are  actually  en- 
gaged in  the  manufacture  of  butter  and  cheese,  or  who  purpose  to  take 
up  this  work,  an  opportunity  to  become  more  skilled  in  their  work, 
and  also  to  study  the  many  problems  which  have  a  direct  bearing  up- 
on the  dairy  industry.  Recognizing  the  fact  that  such  persons  cannot 
be  away  from  business  for  a  long  period,  the  term  has  been  so  arranged 
that  the  time  of  each  student  is  fully  occupied  by  lectures  and  actual 
work  every  hour  of  every  working  day  of  the  term. 

The  rapid  growth  of  the  dairy  industry  in  the  Northwest  calls  for 
a  corresponding  enlargement  of  the  work  in  dairy   instruction.     To  , 
meet  this  want,  the  dairy  hall  has  been  more  than  doubled  iv  capacity 
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and  equipped  with  all  apparatus  ueceasary  to  grive  inBtruction  in  the 
various  liaes  of  dairy  work. 

No  p&Ids  will  be  spared  to  uaintaia  the  high  etandard  which  the 
Hchool  has  atlaioed.  Kacb  member  of  the  faculty  hiie  sDecial  quallQ- 
catioDs  tor  the  duties  to  which  he  has  been  aesi^oed.  The  lecture 
course  aud  practical  instruction  are  arranged  with  special  reference 


to  giviuK'  the  ^i-eatest  amuuni  of  irainini;  and  practice  possible,  in  a 
four  weeks'  sesition.  Lai'tfe  additions  have  been  made  to  the  equip- 
ment of  thi.'  dairy  hall  in  both  buttvi-  and  cheese  depai-tments:  In  fact, 
it  has  everything  needed  for  conducting  work  by  the  most  approved 
methods. 

instruction  is  divided  into  »i\  uonrses: 

1.       Lectures  covering  the  entire  field  of  dairy  husbandry, 
li.    Practical  work  daily  in  the  butler  room. 

III.  Practical  work  daily  in  the  cheese  room,  where  the  manufac- 

ture of  Hats,  Cheddars,   Swiss,  brick,   Edam  and  Uouda 
cheese  will  be  carried  on. 

IV.  Practice  work  in  the  laboratory,  examining  milks,  raakin^r 

daily  composite  teats,  and  the  pasteurization  of  mlllc  and 

V.  Ftactical  engineerin^r,  sieam-litting  and  plumbing. 
VI,    Practical  work  in  factory  bookkeeping. 
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I.— LECTURES. 

The  course  of  sixty  lectures  furnishes  in  a  plain  and  concise  form 
the  most  valuable  information  for  those  who  are  interested  in  any 
branch  of  agriculture,  covering,  as  it  does,  the  most  important  points 
in  the  breeding,  rearing,  feeding  and  general  management  of  dairy 
stoclc,  the  economical  production  of  milk,  growing  and  preserving  of 
forage  and  grain  crops,  the  management  of  meadows  and  pastures, 
management  of  barns,  stables  and  yards,  construction  of  silos,  co- 
operative dairying,  creamery  and  cheese  factory  management, 
judging  and  marketing  dairy  products,  the  chemistry  of  milk,  dairy 
bacteriolosry,  engineering,  animal  hygiene  and  treatment  of  the  com- 
mon diseases  of  the  dairy  cow. 

n.— BUTTER  MAKING. 

The  running  of  separators;  ripening  and  churning  of  ci*eam;  the 
proper  acidity  of  cream  to  secure  best  flavor;  how  to  churn,  wash  and 
salt  butter  so  as  to  avoid  specks  and  mottles;  to  secure  good  grain 
and  best  methods  of  preparing  for  market,  are  some  of  the  points 
which  receive  special  attention.  As  all  creamery  men  should  be  able 
to  judge  butter  from  a  commercial  standpoint,  students  are  trained 
daily  in  the  art  of  scoring  butter  by  the  score-card. 

lU.— CHEESE  MAKING 

The  work  in  the  cheese  room  is  conducted  on  a  large  scale,  includ- 
ing the  manufacture  of  several  brands  of  fancy  cheese.  The  fact  that 
there  is  a  demand  for  these  at  highly  remunerative  prices  has  induced 
ibo  Regents  to  provide  the  necessary  means  for  carrying  on  this  work. 

A  compleU)  record  of  every  step  taken  is  required  of  each  student. 
Here  is  a  good  opportunity  for  cheese  makers  to  meet;  investigate  new 
methods;  make  experiments  on  doubtful  points;  compare  notes,  and 
thus  gather  in  a  few  weeks  knowledge  that  otherwise  would  take  years 
to  acquire. 

IV.— MILK  TESTING. 

The  recent  invention  of  the  milk-test  has  revolutionized  the  meth- 
ods of  declaring  dividends  in  co-operative  dairying.  It  has  been 
found  that  the  value  of  milk  for  both  butter  and  cheese  is  measured  by 
the  per  cent  of  fat  content,  and  nearly  all  factories  and  creameries 
now  pay  on  the  **relative  value  plan.^*  It  is  therefore  necessary  for 
every  factoryman  to  familiarize  himself  with  the  best  methods  of  milk 
testing.  The  chemist  gives  a  general  outline  of  the  work;  but  in  order 
that  each  student  may  have  practice  in  milk-testing,  daily  exercise  is 
given.  Steam,  turbine  and  hand  power  machines  and  other  apparatus 
are  provided  and  operated  in  the  laboratory. 

The  pure  and  wholesome  milk  and  cream  supply  for  our  cities  is  a 
matter  of  vital  importance,  and  there  is  great  need  for  improved 
methods  of  handling  milk  intended  for  this  purpose.    To  meet  this,  a 
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milk  and  cream  pasteurizing  apparatus  has  been  manufactured  spec- 
ially for  our  dairy  school,  and  a  few  advanced  students  will  be  given 
instruction  in  the  process. 

v.— MOTIVE  POWER. 

The  work  in  engineering  consists  of  practical  talks  on  the  con- 
struction, care  and  manangement  of  creamery  engines  and  boilers, 
pumps,  injectors,  heaters,  etc.,  and  work  in  the  practice  room. 

In  the  practic*e  room  is  provided  an  eight  horse  power  simple 
slide  valve  engine,  three  types  of  boiler  feed  pumps,  two  types  of  deep 
well  pumps,  one  injector,  two  milk  pumps,  and  a  steam  gauge,  which 
the  students  have  the  privilege  of  examining  and  operating.  Instruc- 
tion is  also  given  in  pipe  fitting,  placing  shafting,  babbitting  bear- 
ings, soldering,  etc. 

It  is  the  aim  to  make  this  work  as  practical  as  possible.  Ques- 
tions of  interest  on  the  subject  are  freely  discussed. 

VI.— FACTORY  BOOKKEEPING. 

All  the  essential  features  of  factory  accounting,  from  the  receipt  of 
the  milk  to  the  returns  in  net  proceeds  are  thoroughly  considered. 
Paying  for  the  milk  according  to  the  'fat  content  or  otherwise  is 
fully  explained.  The  students  do,  in  books  provided,  the  actual  one 
month's  accounting  of  a  creamery. 

REQUIREMENTS  FOR  ADMISSION. 

Experience  has  shown  that  students  who  have  had  some  practical 
training  in  the  creamery  or  cheese  factory  before  coming  to  the  dairy 
school  are,  as  a  rule,  the  ones  who  are  able  to  make  the  most  of  the 
course;  it  is  therefore  required  that  persons  who  intend  to  take  this 
course  shall  have  at  least  one  season's  experience  before  coming  to 
the  school.     No  entrance  examination  is  required. 

EXPENSE. 

A  registration  fee  of  $15  is  required  of  each  student.  Students  can 
board  in  either  city  and  reach  the  school  by  street  car,  or  board  can 
be  secured  near  the  school  for  from  9S,iiO  to  $4.00  per  week.  Each 
student  is  required  to  supply  himself  with  two  whice  suits,  including 
capSf  to  be  worn  during  working  hours  in  the  creamery  and  cheese 
rooms.    The  suits  ma.^  be  procured  for  about  $1  each. 

DAIRY  CERTIFICATES. 

The  Regents  will  grant  Dairy  Certificates  to  students  who  have 
taken  the  course  and  passed  a  satisfactory  examination  and  in  ad- 
dition have  demonstrated  by  one  year's  work  in  a  factory  that  they  are 
skilled  in  the  art  of  butter  or  cheese  making,  and  are  thoroughly  qual- 
ified to  take  charge  of  a  creamery  or  cheese  factory. 

To  reach  the  school  from  either  St.  Paul  or  Minneapolis  take  the 
( *omo  Interurban  Harriet  street  car  and  stop  off  at  Dooley  avenue. 

Address  applications  for  admission  to  T.  L.  Haecker,  St.  Anthony 
Park.  Minn. 
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